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Abgtraot )

Chemotaxonomio atndies of anthocyanin and related flavonoid ..
plgmenta were conduoted in seven ppeocies of Impatiens (Balsam.naoeae)

R balfourii, I. balsamina, 1. capensis, I.'linoa.rifolia, I. platypetala,

'_1_. sohlechterii and I. sultani. In addition, pigments of 15 other taxa

inoluding I. her:s?i, I.holstii, and I, pallida, were exam;i)ned to some degree.

P_igmen_ts were analyséd cﬂualitatively and quantitatively in vegetative

and floral tissues of from two to geven reﬁlioata specimens of sach species.

Red pigmentaﬂ:ion \;as ‘observed in the roots and ::oot tips of young

seedlings and mature plants and appeared to be a cox;tinuing feature of

root developmant. Localiszation of pigmented cells was found to be

species-spacific as seen in oross-sections of roofs, stems, and petioles.
Major 'pigments in stems‘a.nd leaves were invariably 3~glycosides

of oyanidin, accompanied in the cases of I+ balsamina, I. 1inearifoiia,

L. platypetala, and J. schlechterii by 3—glycosides of delphiﬁidin.

Major pigments in flowers of I. balsamina, L linearifolia, I. schlechterii,
and I. sultani were pelargonidin glycosides, while cya.nidin'gls'cosidss
were characteristic of 1. capensis, and malvidin glycosides of I. balfourii
and I. Elatm‘ etala. Peonidin was found in place of pelargonidin in some
varieties of I, sultani, and aurantinidin glycosides were i)resent only in

. — -
two cultivars (Hgbrid and Sweetsue).

Pigment data obtained on ;;he seven species were analysed by
computer. Following diacrimim.a.nt'-analysis of these data, all geven
species could be separated. Pigment-data keys were constructed by which
the 15 additional taxa were classified. Anthooyanins a.ppe'éred to be an

aiti in clageification of species and cultivars of Impatiens. ¢
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 Résumé
'Das études chemiotaxonomiques des pigments flavonoides, plus
partiouiibremeﬁt_des anéhdoyaninbs, ont &té oonduités chez sept esploes
d'Impatiens (Balsaminacées): L. balfourii; I. balsamina, I. capensis,

I. linearifolia, I. platypetala, I. schlechterii, and I. sultani. De

plus les pigments de 15 autres taxa incluant I. hersogi, I. holstit,and

I. pallida ont é&té éxﬁminés plus ou moins en détail, Les pigmenin_des
tissus végétatifs et floraux des plantes ont été analyeés qualitativement
ot quanfitivemant. Une pigmentation rouge a ét§ observée dans les récinés
et 3 1l'extrémité des racines de jeunes plantulas ot de plantes matures et
a sembld 8tire une oataotérlsthue persistante dy dévaloppement de la
racine, Dés 6oﬁpes transversales des racines, des tiges, et des pétioles
ont révélé que la loqalisatién des cellules bigmentéea*était sp@cifique

aux espdces.

s

Las pigmenté majeurs des tiges et des feunilles étaient
invérigblement des 3—glycosides de cyanidine accompagnés de i—glyoosides
\de delphinidine en ce qui concerne I. balsamina, I. linearifolia, I.

platypetala, and I. schlechterii. Les pigments majeurs des fleurs a!

I. balsamina, I. linearifolia, I. schlechterii, and I. sultani étajent

des glycosides de pélargonidine alors que des glycosides de cyanidine et
4 : ‘ - .
malvidine étajent caracteristiques d'l. papensis et d*I. balfourii et I.

. platypetala, respectivam;nta La pélargonidine.a é6té remplacée par la

péonidine chez quelque variéiés d'I.sultani et. les glycosides d'aurantinidine

étaient présents seulement chez les deux varielés Hybride -et Sweetsué.

Toutes les données concernant les pigments des sept. espdces ont

- Yea

été analyséés parfbrdihateur. ‘Buivant 1!énal&se-du disoriminant de ces
données;,qn peut- séparer les sept esptces. Des clifs basées sur les données

concernant les pigﬁents ont. 6té construites & partir desquelles on peut
olassifieriles 15 ta;a additignels. Les anthocyanines ont éambie'hfiles a

la clapsifioation des espdoes et variétés d'ImEatiens.”

- 4
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. '.;y | Introduction ' o .
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I. Chemotaxonomy , . .

Chemotaxonomy is.a novel field.of-gesearch attracting
éonsiderable attention in recemt‘YEars from many botanists and bio-

chemists around the wor}{d (Parker and Bohm, 1979; Wallace and Markham,

1978; Harborne, 1975; Gibbs, 1974, Hegnau Alstonand Turmer,

1963 and Geissman, 1962). Biochemical charactgrh are perhaps more.
congtant than morphologicsal onés, because they are presumed to be affected
only quantitatively by environmental and culiural conditions

. !
whereas morphological characters = are influenced qualitatively

-
.
i

(e.g. leaf forms) by modifiers as reported in Baptisia by Alston

and Turner (1963) and in Spirodela oligorhiza by McClure and Alston

(1964) ..

Rapid progress in chromatographic and spectroscopilc techniques
has revealed various blochemical relationships among botanical taxa,
evolutionary pathways, ecological adaptationsJ;nd other features. - Many
samples of plant material can be examined easily for a particular
class of compounds by one or other of the many chroﬁatographic
proceéures. Such compounds include terpencids, amino aclds, alkaloids,
quinones, fatty acids, sulphur compounds, mustard oils and phenolic
compounds especially flavonoids éHarborne, 1970). Flavonoids have
heen preferred to the terpenocids or alkaloids in systematic studies
because they afe universally distributed in vascular plants, show

structural diversity, are chemically stable, are easily detectable

in herbarium tissues or fresh plant material and are rapidly identified



(Harborne, 1975). Flavonoids are chemically based on a ClS skeleton
(CG- 3 06) and include anthoecyanins, flavones, flavonols, chalcones,

aurones, flavanones, isoflavones, biflavonyls, and leucoanthocyanidins.

Flavoﬁdid patterns have been studied at various levels of

-

classification. Moore‘et al,.(1970) examined flavonoid patterns in
several\ﬁ;brids between closely related species.- Flavoneid data have
also been found useful in classification at the sectlonal level in the
genus Pinus (Erdtman, 1963), at the tribal level in the family
Plumbaginaceae‘(Harborne,‘1967a), at the subf;mily level in the family
Gesriériaceae (Harborne, 1967b, 1966b) and in the taxénomy of‘the
family Limm;nthaceaej(Parker and Bohm, 1979). A complex interfamilial
relationship of anthocyanins and the visibly red. but chemically un—
related betacyanlns has been ogserved in plants within the order
Centrospermae (Mabry, 1966). 'In thislorder plants in the family
Caryophyllé;e;e contain purple~red anthocyanins whereas plants of all
the other families contain only betacyanins \Qérborne 1967).
II. Anthocyanin Pigments and Chemotaxonomy -

The use of anthocyanin pigments in chemotaxpnomic‘studies'
s discussed by Timberlake and Bridle,(1975)and Harborne, ( 1967,
1975). Stoutamire (lgﬁo)reported the relation of anthocyaning to
the taxonomy of the genus Gaillardia. The spééies with red rays were
separated into four groups on the basis of anthocyanin mixtures
present in the ray and disk flowers. Acheson 25 §£-(1956) studied
the disﬁribution of anthoeyanins in the poppigs, Paggver speciles, and

found striking differences in the kinds and distribution of these

plgments in various species. Harborne (1966¢c) related the distribution
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-

of 3-deoxyanthocyanins to the taxonomy of the family Gesneriaceae at
the subfamilial level. Since then many investigators have observed

the significance of anthocyanins in plant classifications (Hegnauer,

.

1964; Clevenger, 1964, 1971).

Anthocfénins occur'almo;t universally in the higher plants
with the excepfiop noted .above, butlhavF a restricted distribution in‘
thg‘;ower plants such as ferns, mosses and gymnosperms (Timberlake apd
Bridle, 1975; Harborneé, 1967). They are sap soluble and responsible
for n;arly all attrgctive cglors, red, pink, violet, mauve and blue
in the flowers, fruits, stems, leaves énd_roots (Harborﬁe,‘1967).
Anthocyaﬁins are glyéosideé in which sugars are attached to-positioﬁg
3 and/or 5 and sometimes 7 of the anthocyahidin C6-CB—C6 skeleton.
(Fig. 1). They possess very distinctive colors on chromatograms, may
fluoresce when viewed in uléraviolet (UV) light, and are therefore
readily identified in plant extracts (Harbornme, 1967). On acid
hydrolysis anthocyanins produce water-insoluble anthocyanidins of which
six are of common occurrence. The;e are pelargonidin;kPg), cyanidin
(&y), peonidin (Pn), delphinidin (Dp), petunidin (Pt) and malvidih QMv),
(Fig. 2). The common sugars involved in the structuré of anfhocyanins
are glucose, galactose, xylose, arabinose and rhamnose;‘ The several
known classes of anthocyanidin glycosides aée 3-monoglycosides, 3-
bioglycosides, 3-triaglycosides, 3,5-diglycosides, and 3,7 élycosides.
Acylated anthoecyanins in which an acyl group is éttached to the sugar
in the 3-position of the molecule are also known to occur im several’
plants, the acylngroup of thesé pigments 1s nearly aiways p—coﬁmaric

acid but caffeic and ferulic acid also oceur occasionally (Harborne,

1967). More than 250 anthocyanins are known at the present time

C -
W

Tk



Fig.1 The Flavylium cation (from Timberlake and Bridle,4975)
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{Harborne 1977, Timberlake and Bridle, 1975) as compared to the limited

—

o

number of anthocyanidin types. .

Various techniques, ﬁaper chromatography.(Bate Smith, 1948),
papef chromatography and UVlspgctroscopy {Harborne and Geissman, 1956)%
column chromatography (Nebresk& i949, and Zimmerman 1957?, thin “layer
chfomatography (Harborne and ﬁurst, 1966; Harborne, 196? and Ibrahim
et gl.,iQ?l), gas 1iquid_chromatography (Albach et al, 1965 and
Alshakir, 1967), high pressure liquid ch?omatograﬁhy {Asen, 1977},
infra red spectroscopy and nuclear magnetic resonaﬁce {Seikel and
Mabry, 1965; Wagner, 1965 and Mabry gg.gl,,1970) have been used for

identification and purification of anthogyanins and other flavonoid

pigments.

III. Leucoanthocyanidins

Leucognthocyanidins (élso termed leucoanthocyanins, coqdensed
tannins or proanghqqyanidins) yigld anthocyaniding on acid treatment
(Haslam, 1975)-d They g;g.distributed more commonly in th? tissues of
woody plants than in t&Qse of herbaceous plants but they are found in
plants of many predominantly herbaceous families: Balsaminaceae,
Saxifragaceae, Polygonaceae, Ficoldeae, Oxalidaceae and Limnanthaceae
(Baée Smith and Lerner, 1954; Harborme, 1967). CﬁgmicalLy leucoantho-
cyanidins are dimers, derived from one unit of fiavan—3,4 diol linked
to a catechin (flavaan;ol) gnd these substances do not have covalently

linked sugar units in their structure (Harborne, 1967).

. IV. The genus- Imgatiensi
The genus Impatiens belongs to the family Balsaminaceae.

el

It comprises approximately 600 species (Wood, 1975; Chinnappa and
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' 'Gill, 1974; Jonmes and "smch, 1966'; Khoshoa, "1957) and is primarily
" distributed in tropical and subtropical Asia and Afrita with a few
specles in southeast Asia and a_ still lower number in Northern Asia,

5\

Europe and North America. Warberg and Reiche (1835) divided the -
1

genus Impatiens into fourteen sections on the basis of morpholeogical

characters.

'Imgatiens‘epecies are commonly known as balsam and are of
great value to horticulture owing to their ability to flower con-
tinuously in shady and semishady areas, their decorative and brighely
colored flowers., &elf cleaning habit (hotﬁ leaves and branches
abscise during prolenged dry Weether), and tolerance to air po;lutants

(Winters, 1973). .

Recentl&, new introductions of Impatiens from New Guinea
were brought to the United States by H.F. Wintere and J.J. Higgins
of the Plant Introduction Service, U.S5.D.A., Maryland (Winters, 1970,
1973). Grauman (1972) released 23 Impatiens introductions from U.S.D. A
to plant breeders and nurserymen. These new inttoductions vary in
flower size from 2.5 to 7.5 cm in diameter with spurs of equal
’length. Flower colors range from pure white through pastel shades
of lavender and pink to magenta, and from pale orange.to dark ver-
million or scarlet. Stem and leaf colors vary from green to intense
dark red. In addition leaves'ine;ome species are beautifully

i .
variegated with white, yellow or pink colors (Winters, 1873).

The genus has medicinal value also,for example Stopp (1963)
\ reported that Mt. Hagen people of New Guinea rub large petals and

o

young leaves of 'Kontip', I. mooreana schl., into burns and according

*U.8.DuAe= United States Department of Agrioculture
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to Marie-Victorin (1964) in 'Flore Laurentienne' plants.of I. cagenéié
can be used to treat the skin irritations following contact with poison

ivy. Taylor (1940) reported that the stems‘of_l. biflora (L. capensis

Meerb.) are made into a decoction with roots of Veronica officinalis

and the bark of Ulmus fulva and drunk to ease childbirth.

V. Cbmnutqrs and taxonomy

Recently, many taxonomists and biologists have uséd computers
in the classification of plants (Pankhurst, 1975; Sneath and Sokal,
1973). Baum and Lefkdvitchl(1972) present a model for cultivar
classification and identific;tion in Oats (Avena) and Baum (1977b)
used various computations in a study of the taxonomy of the tribe
Triticeae (Poaceae). Duncan aﬁd Estabrook {1976) described an
operational method for the evaluation of classifications. Tﬁus it
appears that computer analyses are a useful aid in biosystematic

studies.
VI. Purpose of the present studv

The genus Impatiens is very large (approx. 600 species)

but most species share the character of possessing vigible red
bigmenta and leucocyanidins (Gibbs, 1974) which presumably are useful
taxonomic characters of the genus. These pigments have been'examined
in detail in only a few species with little reference to chemotaxonomy
(Asen, 1977; Cievenger, 1971; and Hegnauer, 1964).

The purpose of the present study was to first isolate, identify,
and quantify anthocyanins,and the chemically related leucocyanidins,
by chromatographic and spectroscopic methods from all parts of the plant-

roots, stems, leaves, and flowers— of about 20 taxaj then to take the
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pignent data so obtained and a) auhaeot it to oonpuxar analysis and

b) oonstruot diohotomoua keys. The purpoao of the lattier step,waa
to- ovaluate if this approaoh might be of value in idantifioation
or aeparation of the taxa under study, and if not, as an indication

'of genetic similarity within the genus.
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Materials and Methods

Y

I. Plant Material -
‘A, Seeds

Seeds of various species of Impatiens were obtained from'
" several botanical institutioﬁs or purchased from commercial sources
(see Appendix,z),Seeds were surface sterilized with 10% sodium
hypochlorite solution, washed with distilled water several times,
soaked in distilled water overnight #nd placed on moist filter paper
in plastic petri plates. (9 cm. in diameter). They were germinated
under ambient conditions of light and temperature in the laboratory.

Seedlings were potted in soll and grown to maturity in the greenhouse.
B, Mature Plants

Plan;s of some speciles, recently introduced b& tﬁe Uniced
States Department of Agriculture (U.S.D.A.), Plant Introduction
Service, and their interspecific hybrids were grown from cuttings
(see Hppendix2)kindly provided by Dr. T. Arisumi, U.S.D.A., Beltsville,
Maryland. Cuttings were also collectéd from local plantings of I.
sultani and plants of I. capensis were collected in the wild. All
plants were grown in soil either in plastic pots on a wire screen or

in clay pots on gravel beds under nmormal greenhouse conditions.
IT. Visual Observations of Pigmentation

A, In Intact Plants

Digtribution of pigmentation was observed in roots, satems,
ledves and flowers of young seedlings and mature plants. Photographs

of representative plants of moat species and cultivars were taken.

2N\
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B. f;jiissues ) .

Localisation of pigments was determined by examining water-
mounted hand cut transverse sections of roots, stems and leaves, under

a compound microscope. Photomicrographs were taken in color of many

of these cross-sections.
III. Analysis of Pigments
A, Preparation of tissues.

Fresh, dried Qr frozen tissues were used as a sourcefof
pigments. Flowers were collec£e&, aé they appeared aﬁd only petals
were dissected out and dried over silica gel for 2-3 days. Stem, leaf
and sometimes flower tissues were stored in the freezer and these

frozen tissues were either extracted directly or freeze-~dried BGefore

extraction.
B. Extraction of pigments
(i} From intact-tis§ue5'
(a) .W;th-m;thanol

Plant tissues except floqers, were fineiy chopped and steeped
in cold methanol—lZ‘HCI overnight in the refrigerétor. The amount of
tissue used (taken as volume of chopped tissue in a beaker) was based
on the visual intensity of piémEnt in the plant: approximately 30-40 ml
for pale, 20-25 ml for medium and 10~15 ml for intensly colored gtem
and leaf tissues. As many as 8-10 if pale-colored or only 2-4 if
intensely-colored flower petals were taken. The colored solutions
were decanted and-the tissues re-extracted with fresh solvent by

' crushing in a mortar with a pestle. The supernatants were again
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decanted and the process repeated until the tissues were colorless or
nearly so. -All the extracts were combined and centrifuged at 2500 X g
to sedimegt tissue particles: The sﬁpe:natqnt was kept in the fume-

hood for evapbration to dryness or flash evaporated at 30-35% in

vacuo. The evaporated extracts were first washed with ethyl acetate

and petroleum ether to remove some flaVOﬁbls, phenolics and phylls
and then dissolved in a minimal amount of methanol-1% HCI fbr chromato-
graphic analysis.

(b) From methanol extracted residual tissues

. »

The residual tissues from the above procedure were boiled
wich 50% adueous HCLl .for 10 min (Clevenger, 1971). The hydrolysate was
{iltered and an approximately equallémnunt of distilled water was added
to the filtrate. Red pigments were then extracted with a small volume
of iso~amyl alcohol, &oncentrated, and used feor chromatography.l An
approximation of the amount of these pigments was made.by relating the
visually estimated intensity of red color of the isoamyl alcohqi

extract in a volume proportional to the dry weilght of the tissuds

extracted.
(i1) TFrom intact tissues following_acid-hydrolysis

The flowers and stem tissues of some plants were eﬁtracted
by direct hydrolysis with 2N-HCl at 100°C for 45-60 min. (Harborne,
1973). The acid solution was phen filtered and the filtrate first
extracted with ethyl acetéte to sepafate most_of the phenolics ;nd
soée,of the flavonoids. Traces of ethyl acetate wéfe then removed by

heating for 2-3 min. at 80°C. The anthocyanidins were ﬁhgn taken up

with a small volume of isoamyl alcohol. Distilled water was added to
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facilitate the extraction. The isoamyl‘alcohol was évaporated on
watch glasses placed on beakers ‘of boiling water. The dried pigment

was then redissolved in a small volume of acidified mgthano; and

\

chromatographed.
4 .

C. Chromatographic Separation of Extracted Pigments

(i} Anthocyanins .

(a) 2-D paper chromatography

The concentrated crude pigment extracts in methanol—lz HCl
were applied to Whatman no. 1 chfdmatography_paper-for tﬂdeimensional
chromatography. One quarter of a 46 x 57 cm sheet of Whatman no. 1
filter péper was used for each chromatogram. The pigments were spotted
in one corner 6 c¢m from one edge and 2.5 cm from the other edge until
a dark spot was obtained. The papers were taped along the short gdgé
to form cylinders and chromatographed ascendingly for 4-5 h. using —
BAW (n-butanol-acetic acid-water, 4:1:5; top layer).solvent for the
first direction. After this run the chromatograms were air-dried and
viewed in wvisible and in UV light. The pdgitions of pigment spot;
were marked with a lead pencil, then the chromatograms were run 1n
the second direction descendingly using HOAC-HCl {(acetic acid-conc.
HCl-water, 15:3:82, v/v)zi/?zfﬁéﬁ?‘iystem (Harborne, 19675. The
chromatograms aft@r deve opmeht were éir—dried and viewed again in
vigible and W liéht and the pigment spots were encircled. The
solvent system showing the better resolution of pilgments was then

r

used for a unidimensional descending run on paper.
(b) 1-D paper chromatography

The pigment extracts were applied in 23 cm bands on Whatman
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no. 1 strips. The amount of pigment extracts applied in bands varied
depending on the visual intensity of extract: for example only 2-3
applications were sufficient for deep red extracts whereas as many as
15-20 applications were required for pale to very pale extracts. If
streaking éccurred with a resultant péor sgparétion of bénds, a second
and if necessﬁry, a third chromatogram wasrmade‘using fewer applications
in order to obtain satisfactory Separation of bands. Similarly if the
separated bands were Insufficlently visible, additional chromatograms

“were made with heavier'banding.

=

(c} Quantitation of chromatographic bands

When a satisfactorf separation of bands was obtained on each
¢hromatogram, relative intensiéies were deterﬁined. The approximation
of quantities of pigments was made for eéch species by estimating
visible intensity of color with ISCC»NBé (Inter-Society color council-
National Bureau of Standards) color‘name charts illustrated with
centroid colors; measuring the width of pigment b#nds on the paper
chromatogram and correla;inévthese two parameters (Table 1). Direct
comparison from one species to anogher of pigment quantities estimated

in this way is not valid unless the initial amounts of tissue analysed

and the total pigment content are approximately equal.

(d) Elution of pigment bands from paper

Pigment bands separated on unidimensional chromatograms were
cut out as paper strips and prepared for elution with a square trim at
one end and an angled or pointed trim on the other. The strips were
then hung downward from a petri dish containing Harborme's elution

mixture (methanol~acetie acid-conc. HCl, 70:5:25, v/v/v) over a beaker
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Type of pigment

Table i. Quantitation of chromatographic bands .

Width of band on
chromatogram {cm)

Vigible color corresp-
onding to centroid color#*

Expressed quantity
{(width & visible

color)
Number Verbal
equivalent
1. Pg-glycosides :i.S 26 s.f; Pink 1 Trace
3.0 26 s.y.Pink 2 Poor
2.0 27 s.y. Pink 3 Fair
2.0 between 26 s.y. Pink 4 Good
and 35 s.r.o.
2.0 35 s.r.o. 5 Very goqd
2. Au-glycoside 2.0 between 26 s.y. Pink "3 Fair
and 35 s.r.o.
3. Cy-glycoside 1.0 249 1.p. Pk. 1 Trace
3.5 252 p.p. Pk. 1 Trace
1.5 250 m.p. Pk. 2 Poor
3.5 249 l;p. Pk. 3. Fair
4. Pn-glycosides 1.0 247 s.p. Pk. 3 Fair
1.8 between 247 s.p.Pk. 4 Good
and 248 deep p. Pk. \
5. *Dp-glycosides 1.5 249 l.p. Pk, 1 Trace
1.0 247 s.p. Pk. i Trace
6. Mv-glycosides 1.5 240 1.r. l\fj Trace
3.0 240 1.x. -2 @ Foor
2.5 241 m.r. 3 Fair
Ad.5 237 s.r. 4 Good

*
Abbreviations: 1

slightly; v = yellow.

= light, m = medium; p.Pk = purplish-pink; r.0 = reddish-orange;
P = reddish-Purple; s =
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(Plate 1). The eluates were collected as they dripped off the paper, -
evaporated to dryness and redissolved in a small volume of methanol-1%

HCl for further purification on paper or on TLC plates. .

A preliminary test was made for sugars elutable from filter
paper by cutting a blank paper strip frém a Fhromatogram.used for
anthocyanin identification, and eluting with Harborne's ﬁixture. The
eluate wa; evaporated to dryness in the fumehood, redissolved in 10%

isopropanol and tested for sugars as described in Section E, 1ii, b.
(e) PVP column chromatography

Polyvinylpyrrolidone (PVP) columns were prepared as follows:
fine particles were remcved-bx suspending PVP powder in water. After
- five minutes of settling, the water was decanted. This Process was
repeatedrlg times to get a desirable slurry. Columns of 25X£ cm size .
were used. Glass fibre filter paper was first placed over tﬁe drain !
hole of the column. PVP slurry suspended in water was poured down the
sides of column using a widemouth 10 ml. volumetric pipette to obtain
a final column length of 15 em. the column was drained until nearly

all the water had run out.

The evaporated crude pigment extracts were redissolved in a
small volume of acidified distilled water, the pH was adjusqéd to
3.5-4 with 4 N~NaOH added dropwise and the solution obtained wasg
filtered or centrifuged to remove solid particles. This pigment -
extract was then carefully added to the top of the column until a
band about 1 cm wide had been adsorbed. The column was washed first
with diséilled water to femo@e free salts and sugars and then eluted _

with 30% ethanol acidified with 2N-HCl (2 ml. in 1000 ml. of ethanol).



Plate 1 Apparatus showing elution method-
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Fractions of 10 ml. were collected until all of the anthocyanin pigments

e

were eluted. These fractions werefeviﬁbrated'in-a fumehood or on a

. -
sample concentrator-at 40 C. L
’ / : | i

- ({1) Anthoevanidins (Aglycones)

Anthocyanidin extracts obtained by d;?ect hydrolysis of
tissues with hot acid were banded in 23 cm. wid£hs on Whatman No.‘l
paper and separated by a descending run in Forestal Solvent (acetic
acid-conc. HCl-water, 30:3:10, v/v/v/). Authentic pelargenidin,
cyan{din, delphinidin and malvidin were. spotted at each end of the

extract band as standards.
D. Purification of pigments _ . o

Pigment eluates collected’f;;; paper were purified by
repeated papéruchromatography either in BAW or HOAC-HC1 solveﬁt
depending on which solvent showed better separation. Polyamide-TLC
plates Qere used té check thélpu;ity of pigments in aqueaus (n-butanol-
acetone-d;oane—water, 45:35;20:210:'v/v/v) and organii {benzene-methanol-
ethyl-mgthyl kétone—waﬁer, 55:25:18:3 v/v/v) solventsi The process of
eluti;n and rechroma;pgraphy was repeated_until the purified
individual pigment showed a'single spot in diéferent solvents under

A

visible and UV light.

Evéporated.fractions obtained from the PVP columm and
redissolved in methénol—l% HCl, were spotted on polyamide DC-6 coated
plétes and run ascendingly in 0.01 N-HCl to determine which fractions
could be combined. Sequential fractions showing similarity of spots

in visible and UV light were combined and further purified by

repeated paper chromatography as already described. ’

&
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Anthocyaniné purified by péper chromatograph§ were adsotrbed
on a|PVP column to separate them from a surprising amount of sugars
present in paper eluates, ;nd eluted with acidified 80% ethanol (2 ml.
of 2N-HCl\in 1000 ml. of ethanol): Eluates were evaporated to
dryness and redissolv;d in a small volume of 50% méthanol for further

4

chromateographic and speatral tests and for hydrolysis with trifluorcacetic

acid or 2N-HC1.
E. Identification of Purified Pigments

(i) From Chromatogrqphic Behaviour

Whatman No. 1 filter papers prewashed with 1% HCL and
distilled water were dried and spotted in quadruplicate with antho-
. Cyanin extracts and authentic samples of cyanin and.Malvin,Afor

develepment in the following solvent systems (Harborne, 1967):

N,

1 BAW (n-butanol-acetic acid—water,_&:l:S, tbp layer);
2  HOAC-HCl (acetic acid-conc. HCl-water, 15:3:82, v/v/v);

- \——\.-
3 1% HC1 (cone. HCl-water, 3:97, v/v);

4  Bu:HCl (n-butancl~2N-HC1, 1:1 top layer).

After solvent irrigation, the chromatograms were dried in’
a fumehood and observed under visible and UV light. Presence or

- absence of fluorescence wag recorded.

(i1) From spectra

Absorption spectra of methanol~1% HCl solutions were recorded

in visible and UV regions using a Unicam SP 1800 spectrophotometer.

-

Spectra were also taken of pigments dissolved in acid free ethanolic-

Alcl3 (5%) for determination of the presence or absence of free

L~
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O—dihydroxyl groups in the B-ring (Harborne, 1967).
(iii) From agLyconé and sugar moieties produced by acid hydrolysis

More rigorous identification'df selécted anthocyaning was
madgfby a final acid hydrolysis. Hydrolysis was carried out with
addition of 2N-HC1 or trifluorcacetic acid and heating to 100°C for

60-90 min. on a waterbath (Harbqrne, 1973).

(a) Aglycones

The aglycones tanthocyanidins) were extracted into a small
volume of iscamyl alcohol which in some Cases was removed by evaporation
and replacéd by a small volume of methanol~1% HCl before spotting and
chromatography on paper along with the authentic anthocyanidins, Pg,

¢y, Dp and Mv. Three standard solvent Systems were used (Harborhe,

1667):

1  Forestal (acetic acid-conc. HCl-water, 30:3:10, v/v/v);
2 Formic (Formic acid, conc. HCl-water, 5:2:3, viv/v);

3  BAW (n-butanol-acetic acid~water, 4:1:5, top layer).

(b) Sugars

1 Preparation of sugar resgidues.

The acid solutions conﬁaining sugar residues were left to
evaporate in the fumehoo&$\\?ifgyéled water was added énd evaporated
2~3 times to remove any traces of acid. The dried sﬁgars were
finally dissolved in 10% isopropanol to prevént bacterial growth
(Harborne, 1973) and used for further chromatographic analysis. The
standard sugars used were 0.2% solutions of D(+) glueose, D{+)

galactose, L(*+) Arabinose, D(+) xylose and rhamnosge. .

-
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2 Chromatography of sugar residues

The sugar residues were spotted on Baker Flex cellulose
microcrfstalline sheets with the ald of 10 pl micropipettes along
with standard ‘sugar solutions and were develoﬁed.ascendingly in EPW
(ethyl acetate-pyridine-water, 10:3:2:2,Hv/v/v) solvent (F.W. coilins,
e
ﬁers. commun. ), alr-dried and run again in the same solvent and in the
game direction for better separatiotni of the spots. The dried
chromatograms were sprayed with aniline hydrogen phthalate (AHP)
reagent (Partridge, 1949) made by dissolving 1.6 g phthalic acid
and 0.92 ml. aniline in 100 ml. of distilled water saturated with n-
butanoll The chromatograms were dried and heated in an oven at 105°C

for 4-5 min. The color reactlons of sugar residues were recorded.

A prelimiﬁary test was made to determine the minimal amount
of sugars detectable on the chéomatogram.‘ Varyiyg amounts of a 0.2%
soluéion of glucose were spotted and sprayed as usual. It was found
that 2 pl of 0.2% solution was the minimum amount detectable.
Anthoeyanin sugarrresidues were thus spotted to ensure that this
smipimum amount was present on the chromatogram. In order to do that
welght of sugar had to be determined in residue. This was done as
follows: absorbance of the anthocyanin was measured before hydrolysis
and using the average extinction coefficient of 0.013 (Hrazdina, pers.
commun. ), theutotal number of Mmoles present in the solution waé
determined. The number of umoles of sugars/umole of aglycone was
egtimated from chromatographic behaviour, the mobility of a monoside
in acid solution, for exaﬁple, is much less than that of a trioside.

-For example the absorbance at 540 nm of a solution of anthocyanin was

0.035 after passing through a PVP column. Since the volume was 1 ml,Umoles

oy



.
total was 0.035X1.3X1072 = 0,455 umoles. 1If a monoside, the minimum

number of pmoles of sugar preéent was also 0.455 pmoles and if the

!

‘sugar was an hexose-glucose (MW-180), the weight of sugar present
=

was 0.455X0.18=0.82 mg.

+

’

F. Flavonoids cther than anthogyanins

These. pigments were observed on chromatograms and characcerized
by edlors in UV light and Rf values in alecholic (BAW) and acidie (HOAC-
HC1) solvent systems (Harborne, 1967).

L

IV. Analysis of Pigment Data and Preparation of Keys

A. Key construction

. All the pigment data for anthocjanins, leucoanthoeyanidins
and other flavonoids (flavonols and phenolics in vegetative and floral
parts were first éummérized (Tables 7 & 8 )¢ These were then transcribed
to computer sheets agd subjected to computer analysié:(
For this purpose plants examined were divided into two groups, one of
"known' (identified) consisting of species for which one or more
replicates were analysed and another of "unknowns" consisting of
specimens with or without certain identity but for which only one

specimen was available. Means and variances of all characters of the
replicates of the known species were computed and a secondary tabley
in witch all characters showing no intraspecific variance were listed,
was drawn upe. A dichotomoug key was produced from this table

which was useful {o Beparate only four species. :
A discriminant analysis (Seal, 1964) of pigment data was performed on the
' inseparable species. Following this discriminant analysis, classification

1
function coefficients (Nie,_gg.gl.,1975) were computed and added to the



2

22

key. A key based on floral pigment characters was 8imilarly constructed.

>

B. Testing,the_Keys

Attempts to identify unknowns with ﬁhe aid of the keys based

on vegetative characters were made.
C. Construction of a key based on aglycone data-

"A key based on characters simpler to determine than
anthoc¢yanin pigments, such as, type of aglycones, leucoanthocyanidins, -

presence or absence of anthocyanins and localisation of pigmented cells

-

. in cross sections of stem and leaves, was also constructed.
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Rasults
I. Plant Material

A. Germination of Seeds

Seeds of I. glandulifera Royéla; I. noli-tangere L.; I,
pﬁrvifiora D.gjﬁil; scabrida D.é.; aﬁﬁig. capensis Mearb. did not
germinate undér the laboratory or greenhouse conditions even after
5-7 weeks of a chilling treatment at 4~5C in a refrigerator. Gibberéllic
acid‘(GA3) treatment (Baskin and Baskin 1970 & 1971; and Jouret 1977)
was also ineffective for seed germination of these species. Plants of
I. balfourii Hook F.; I. balsamina L. and L. holstii Hook F. however,

were grown from seeds,

B. Mature plants

Plants of I. linearifolia warb., L. platypetala Lindl.; I.

schlechterii warb. and I. gultani were obtained from cuttings and
under normal greenhouse conditions most began to flower within a few
weeks., Some species bloomed continuously (IL. platypetala and 1. sultani)

but most were seasonal and a few, I. linearifolia (no. 20) and some fe

unidentified species, never bloomed in over two years.
IX. Visual Obsenvation of Pigmentation
A. In intact plants
(i) Stem
The site of pigmentation varied depending on the species, from the ‘

base only to all along the stem. Color also varied from faint red to

very deep red and deep purple red.
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(ii) Leaves

Leaves varied from completely green or with faint red petioles

- only to those with a red coleration in petioles and on the lower surface

of leaf-blades. Several kinds had variegated leaves with faint red in the

petioles.
(i11) TFlowers

Flowers were of a wide variety of shades, ranging from pure
white through pastel shades of lavender, pink, magenta, pale orange to

dark vermilion or scarlet and purple.

A detailed description of visual localisation of pigments in

plants of Impatiens is°summarized in Table 2 and 1llustrated by plates

2 £a 8.

B, In tissues

The distribution of pigmented cells in different organs and

tisgues was characteristic of a species.
(1) Roots

Roots of only 2-3 species were examined in this way and
typlcal eross sections obtained are shown in plates 9 amd 10.
Pigmented cells can be seen to be scattered in the epidermis,’ cortex ,

and central stele in I. balsamina (Plate 9) but only in the central

stele in I. holstii (Plate 10).
(i1) Stens

Different sites of pigmentation were seen in cross sections
of atems depending on the specles and the stage of development and

varied from the epidermal region only to all acroas the sections.
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Plate 2 Vegetative and
I. balsamina.

floral morphelegy of



Plate 3 Vegetative and floral morphology of
I. linearifolia. (#19) '

Plate § Vegetative and floral merphology of
I. platypetala. (#21-4)




Plate 5 Vegétative and floral morphology of
" I. schlechterii. (#12) -

Plate 6 Vegetative and floral morphology of
I. schlechterii. (#34)




Plate 7 Vegetative and floral morphology of
- I. sultani(I)

Plate 8 Vegetative and floral morphology of
I. sultani(II)
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Pigmented‘cells in-stem cross sectigns cut at the equivalent stage of
development were lqcalised in the epidermis only as in I. balfouri
(Plate 11) or epidermis and cortex as in L. balsamina an& the®cultivar
.arabesque. Pigmented cells scattered in the epidermis, cortex and |

near vascular bundles were typical of L. linearifolia and I. schlechterii

(Plate 12 &13) whereas localisatioﬁ in the epidermis, cortex and central
pith region as foﬁnd in I. platypetala and cultivar Sweetsue (Plate 14).
Pigments ﬁere found all over in the epidermis, across the cortex, near
the vascular bundles and in the central pith in I. holstii, I. sultani

and cultivar hybrid (Plate 15).
(111i) Leaves -

Pigmented cells in cross seetions of petioles of most of the
species were present in epidermis, cortex and near the central
"~ vascular bundles (Plate 16) for example, in I. platypetala, I. schlech-
Eggii‘andv;, sultani. Pigmented cells present in the epidermis and
near the vascular bundles were typical.ofll, holstii and their presence
only in the cortex and near the vascular bundles was characteristic

of the cultivar Arabesque, whereas plgmented cells could be found

scattered in the epidermis and upper cortex as in I. linearifoldia

(Plate 17) or in the epidermis and across the cortical region as in

Sweetsue.

Cross sections of the leaf blades of some specles were also
observed and pigmented cells were found to be localised in both the

epldermis and in mesophyll tissue, for example, I. linearifolia (mo. 18),

I. platypetala (no. 21-A), I. schlechterii, I. sultani and cultivar

Sweetsue,



Plate 9 Crosg Section of I. halgamina reot,
Bhowing pigmented cells all over the section.

Plate 10 Cross Section of I. holstii root,
showing pigmented aells in central
Stele region only.




Plate 11 Cross Section of I. balfoufii'stem at
the 5th internode showing pigment only
in epidermal region.

Plate 12 Crosg Section of 1. lipearifolia (#18)

gtem at the 5th internode showing pigment
in epidermis, upper cortex and among
vagcular bundles,



Plate 13 Cross Section of I. sSchlechterii (#34) stem
at the 5th internode showing the same
localisation of pigments as I. linearifolia

(#18). )

Plate 14 Crosg Section of I. platypetala stem at the
5th interneode showing pigmented cells in
the epidermis, and scattered across beth
the cortex and pith.




Plate 15 Grosg Section of I. sultani (I) stem at
the Sth internode showing pigmented cells

“present all over in the epidermis, in the
cortex, near vascular bundles and pith.

. ! "‘, ’

Plate 16 Crogs Section of 1. schlechterii (#3%)
leaf petiole ghowing pigment localiged
in the subepidermis, outer cortex, and
near the central vagcular bundle.




Plate 17 Cross Section of I. linearifolia (#18)
leaf petiole with pigmented cells
localised in the sgubepidermis and upper

cortex.
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ITII. Analysis of Pigments

A. Identification of pigments-uéed as standards
’ |

Several pigments isolated from vegetative and floral ‘tissues
of seven taxa were idenﬁified‘more or less rigorously as glycosides of

pelargonidin, aurantinidin, cyanidin, peonidin; delphinidin and

malvidin (Tables 3 & 4).
‘ ~
(1) From, chromatographic behaviour e

I

\\\“———*’Pigments glycosylated in the BFposition were differentiated
from'3,5 diglycosides by the fluorescence of the 1atte£ in UV light
(Harborne, 1967), and their relative mobilities, for example, 3,5
diglycosides have lower Rf.values in alcoholic and higher Bf values in
acidic solvents as compared to 3-glycosides

(11) From spectra

i
The spectra maxima of 3, and 3,5 diglycosides are similar

but differ in intensity in the 400-460 om region, 3-glycosides showing

a shoulder or inflection in the 400-460 nm region., The nature of the

. sugar molecule has no effect on the sbectra (Harborne, 1967). Acylated

pigments were identified by the presence of an extra peak in the 280-
335 om region. Typical spectra of a monoglycoside of Pg, 3,5~glycosides
of Pg and Mv and acylated glycosides of Pg and My and Au-glycosides
are presented in Figures 3-8.
‘-\‘\\
(111) ?fsﬁ'gghycone_and sugar moieties produced by acid-hydrolysis
/ . .
(a) Aglvéone
Identification of anthocyanidins is facilitated by the

relationship between Rf values and number of hydroxyl or methoxyl

PR

LY
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ABSORBANCE

B T | 1
230 330 430 530 630 wavelength ().
Fig 4 Characterigtic spectrum of Pg-3,5 diglyeogide

isclated from 1. &chlechtera flower extract.,

._)'-mar.hi-nc ervov al 330nm
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ABSORBANCE

e

- Flg 5 Characteristic spectrum of Pg-glycosi’e acylated

isolated from I. herogi flower extract.

| | | '
230 - 330 430 530 6%0 wavelength (nm).
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ABSORBANCE

i
‘230 310 410 510 glp wavelength (nm).

Fig 6 Characteristic spectrum of Au-glycoside
fsolated from hybrid flower extract.
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ABSORBANCE

| [ I ’
230 310 | ’410 510 6"0 vavelength (nm)

Fig 7 Characterisj’: gpectrum of Mv-3,5 diglycoside

isclated from I. platypetala flower extract.
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ABGORBANCE

1 | | .
230 310 410 510 5{0 warelength (nm)

" Fig 9 Characteristic gpeotrum of Mv-3-plycoside acylated

isolated from I. platypetala floﬁer extract.
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.
N

groups present (Fig. %). An iﬁcrease in hydroxylatisn decreases Rf,

~whereas an increase in methoxyl%tion increases R§ in an aqueous seclvent
[ .

such as Forestal. Anthocyanididf with free O-dihydroxylie groups in

‘the B-ring show bathochromic shi%ts of 18-35 mm in visible maxima in

the presence of aluminum chloride at pH 2 to 4. The six aglycones

Pg, Au, Cy, Pn, Dp and Mv, thus identified are listed in Table 5. Most

were sepérated through use of Fbrestél, BAW and formic acid'sdlvenﬁs

but it was necessary to use tert-butanol—ZN-HCiéépAC—HzO (6:1:1:2 v/v)

solvent (Clevenger, 1971) to differentiate peonidin from cyanidin.

N

(bj Sugars

With reagent AHP, sugars give characteristic color reactions
in visible light: hexoses (glucose, galactose and a methyl-pentose,
rhamnose) a brown color and pentoses (xylose and arabinose) a pink

color.

Five major recurring phenolic compounds identified only by
color in UV light (yellowish green and purple blue) and approximate

Rf values in two solvents .(Table 6) were observed on chromatograms.

-~

B. -'Pigments in vegetative tissues

v

(1) Anthocyanins

The distribution of various glycosides in stems and leaves

is presented in Table 7.

Cyanidin, 3-bioside was the most common pigment, being
present in approximately 80%Z of epecies and varieties examined.
Cyanidin 3-mono and 3-triosides were also present in about 35% of

taxa. All three glycosides of cyanidin occurred together in stem

and leaves of I. linearifolia & I. platypetala and in leaves of I.
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Pg ¢ | - CORE = 66
Pn ¢ \ . QRf = 63
My = COORE = 61
Au | | ] . (ORf = 53

cy o \\/* Ors = Aé

Dp QRE = 32

b Forestal solvent (descending)

FigS Chromatogram showing relative positions of different
. anthocyanidins

Pg= pelargonidin
Pn= peonidin
Mve malvidin
Au= aurantinidin
Cy= cyanidin
Dp= delphinidin
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Table 5: Chromatographic and spectral properties of anthocyanidins obtained

from hydrolysis of purified anthocyanins and of acyanit tissues of

Impatiens species.

Rf values (X100) in  Color in *  MeOH-HCL Shift with

Pigments Forestal Formic BAW Vis uv Amax. EtOH—Alcl3 _
- . acid light {nm) AN (am)

Unknowns
1) 69 ‘ 30 78 or.r. y. 520,270 0
2) L 52 23 58 or.r, abs, 499,285 ] 0
3 49 21 32 - Ma. or. 536,275_ 18
4) e 63 28 71 Ma. or.ys 532,275 0
5) . 33 12 31 P. or.r. 546,275 21
6) 59" 26 49 P. or.r. 542,280 0

Stan&ards
Peiargonidin 68 % 32 79 or.r. y. 520,270% 0

- . 68% 33 80 r. 520,270

Aurantinidin standard not available

S3%* 24 32 or.r. 499,286 o
Cyanidin 49% 21 5. . Ma. or. 536,275 18
49%% 22 g8 Ma. 535,277 ° 18

Peonidin standard not available

T 63k 30 71 Ma. 532,277 0

Delphinidin 30% 13 31 P or.r. 546,275 21
Y™ 13 42 P 546,277 23

Malvidin - . 58% 27 52 | P or.r. 542,280 0
60*% 27  sg P 542,275 0

* Rf values are those of standards run along with unknowns simultaneously

*% Rf values of standards as in the literature (Harborne, 1967).

® The Rf value of peonidin was 54 in tert butanel-2N Hel-HOAc- H 0 (6 1:1:2,
v/v/v/v) solvent system (Clevenger, 1971)

I+

color abbreviations: abs. = absorbing, Ma = Magenta, or = orange, P = purple,

r'= red, y = yellow

-
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Table 6. Chromatographic properties of other flavonoids

Pigment Rf values X 100 in Color :Lni Designation
BAW HOAc-HC1 W
1. (60-70)  (10-15) y. gr. Other flavonoid I
2. (30-35) (20-25) y. gr. ~ Other flavonoid, IT
3. (35-40) (40-50) Pu Other flavonoid III
4. ( 5-I8)  (60-65) y. gr. Other flavonoid IV
5. " (80-90) (75~80) PuBl. flt. Other flavonoid V

Y

+ ' '
" .color abbreviations: y. gr.

Pu

PuBl.

flc.

vellow green
Purple
.Purple~Blue

fluorescent
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sultani, whereas only cyanidin-trioside was present in leaves of

Hybrid.

-~

) Of other aglycones, delpﬁinidin and malvidin were found as
biosides only in about 40% and 15% of plants, respectivel}.. Delphinidin
and malvidin always occurfed'dithicyanidin but all three aglycones were
présen£ only in leaves of.the cultivar Arabesque. Pelaréonidin—glyco—g

.

' —‘:v-
side was observed only in I. balsamina Stem tissues.

(i1) Leucoanthocyanidins-

¢

Among aglycones obtained from the hydrolysis of residual
tissues, cyanldin was found in stem and leaves of all the species and
varieties analysed. Delphinidin was present in about 50% of the taxa.

Pelargonidin was detected only in I. balsamina and I. schlechleris.

no malvidin was detected. L rm— T
(11i1) Other flavonoids

41l five compounds were present, compounds III, IV, V in a
high percentage (approx. 80%) of plants, compound II at apprax. 55%
frequency. All five were present altogether only in three speciles,

I. capensis, I. linearifolia and L. platypetala.

Pigments of roots were examined only in I. balsamina, L.

holstii, I. linearifolia (mo. 18) and I. platypetala and were found

to contain a glycoside of cyanidin as the major pigment (Thakur and

Nozzolillo, 1978). T
C. Pigments in floral tiasues

(1) Anthocyanins.

The results of flower pilgment analyses are presented in
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Table 8, and show that the glycosides qf pelargoni&in were-gf
numerous variety, 13 glycosides of which fwo were acylated. Glyco-
sides 'A' 'B' 'C' and 'D' were present in about 50% of taxa ..

and oy ,G,H,I,J,KL and M in 20% of taxa. Malvidin glycosides
aééompanied‘by acylated derivatives were identified only in four

species, I. balfourii, I. platypetala, I. sultani II and P.I. no. '

349583 (no. 2). The 3,5 diglycoside of peonidin and its acylated
derivative was detected in I. holstii and I. sultani II flower petals,
whereas a'glycoside of cyanidin was present only in I. capensis as a
major pigment; : i

The glycosides of aurantinidin, a rare pigment werg;iound
in only two cultivars, HyBrid and Sweetsue, both known to bérdgrived
from Tangerine (Arisumi, pers. comﬁun.), wﬁich.is the comﬁercial name

for a horticultural variety of I.aurantiaca (Clevenger pers. commun. ) .

{i1) Leucoanthocyanidins

Aglycones obtained by acid hydrolysis of acyanic flower

. tissues were principally cyanidin, present in all of the taxa, and

pelargonidin, in about 457 of the taxa examined. -Delphinidin was

detected only in 3 taxa, L. balfourii, I. platypetala and P.I. .

349583 (no. 2) and malvidin in only two plants, I. balfourii ‘and L.
platypetala (no. 21-B).

(iii) Other flavomoids

All five compounds were present, compounds I, II, III and
IV in a high percentage (approx. 80%), compound V in approx. 40% of
taxa examined. Only I. capensis had all f£ive compounds invariably

presenﬁu
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1v. Analysis of Pigment Data
A. Construction of the key

(i) based oﬁ vegetative characters

Lo
The means and varilance of characters summirized in Tables 7

and 8 for seven knowm species, L. balfourii, I. balsamina, I. capensis,

- L. linearifolia, I. platypetala, I. schlechterii and I. sultani, were

computed. Characters showing invariance (Table 9), were used as the

basis for comstruction of the following key: :

(1) based on vegetative characters for seven known species

1." Cyanidin monoglycoside detectable in- stem -2

1. Cyanidin-monoglycoside undetectable in SCem ————m— e 6

2. Cyanidin-bioside present in stem —-—- - 3

2; Cyanidin-bioside undetectable in stem - -5

3. Cyanidin-trioside detectable in stem 4

3. Cyanidin—tyioside undetectable in stem . -I. balfourii
4. Delphinidin-bioside in poor amount in stem-———-————- I. linearifolia
4. Delphinidin-bioside in trace amount in stem ——-—~—- 1. platypetala
5. Leucodelphinidin present in leaves --I. balsamina.

5. Leucodélphinidin undetectable in leaves ——————————o L. schlechterii

( # 34 only)

6. Inseparable group of three species, 1. capensis,
L. schlechterii (exocept # 34), I. sultani.

(1iii) based on floral characters for seven known gpecies.

In addition to key construction with vegetative characters
another key based on pigments Bf flowers was alsc made, the key is ag

follows:
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A. Partial kev for seven known specles with floral characters ,

1. Mv-3,5 digiycoside detectable.in floﬁers ————— e -I. platypetala
1. Mv-3,5 diglyéoside undetectable in flowers —=---—-—- 2.

2. Mv-3 glycoside acylated detectaﬂle in flowers —-—-——- 1. bal}ourii
2. Mv-3 glycoside acylated undeﬁ‘éctable.' in flowers -3

3. Pg-glycoside 'A' detectable in flowers . 4

3. Pg-glycoside 'A' undetectable in flowers e =5

4. Pg-glycoside 'E' detectable in flowers ; ———————————— -I. balsamina
4. Pg-glycoside 'E' undetectable in £1OWers ——————mmmm——eee 7 S~
5. Pé—glycoside 'B' detectable in flowers 1. linearifolia Lbh/’
5. ' Pg-glycoside 'B' undetectable in flowers — 6

6. Cyfglycoé-ide detectable in flowers — 1, céﬁgensis
6. Cy-glycoside undetectable in flowers 1. sultani IT

7. Inseparable group of I. schlechtewiiand I. sultani (I, III & Iv).

B. Discriminant-analysis of vegetative pigment data

Since three-species, I. capensis, I. schlechterii and I.

sultani were in an inseparable group, discriminant analysis was done.

Disériminagt scores were obtained as shown in the follbwing text

table and plot:. 3 - ‘ : o

*

Species Highest group Discriminant Scores

1. capensis Fune. 1 Func. 2
1. I. capensis 0.670 0.4186

2 Z. capensis 1.144 0.044

3 I. capensis 2.449 -0.020

* i.e., the most probable identification as determined by the analysis

( see plot on p. 48a).



47

Tert table cont'd

I. sclllecht aerlii

1 *I. sultani -0.822 -0.026
2 I. schlechterii -0.623 ~-0.009
3 I. schlechterii -0.798 -1.002 X
4 ‘1. schlechterii  0.380 -0.967
5 I. schlechterii - 0.380 _=0.967
6 *I. capensis 0.555 0.026 ’
7 1. schlechterii =-0.925 -0.904
I. sultani |
o1 I. sultani -0.884 2.937
e I. sultani ~0.046 0.497
3 | *I. schlechter§i -1.514 -0.921
4 I. sultani ©  ~0.046 0.497
5 I. sultani 0.081 0.399
L. herzogii |
L. capensis 0.705 0.615
Il. pallida
' 1. capensis 2.274 -1.013
A 'flame I. schlechterii -2.230 -0.840
Aloha I. schechterii =-0.209 -0.985
Arabesque I. schlechterii -0.925 -0.904
Hybrid I. capensis - 0.670 v 0.416
Sweetsue I. schlechterii l-l.514 -0,921
Cheers I. schlechterri -2.819 -0.858
P.I. no. 349582 1. sultani ~1.615 2.125
P.I. no. 349582-A  I. sultani -1.615  2.125

* indicates the variety or introduction whith fell intc a different

species than what was expected. /\
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Text table ocont'd ; -
P.I. no. 349583 I.. sultani ~1.061 . 1.944
P.I. no. 349586 1. sultani 1615 2.125
P.I. no. 354255 I. sultani S106L | 1.944
P.I. no. 366029 .E. sultani -1.316 . 0.759

Classification function coefficients were calculated and applied to_test

known species as in the following text tables

[

Conatant Other flavo- othaer flavonoid other flavonoid Leucocyanidin Species
noid I in stem IIT in stem 1V in stem in Stem
1) -13.99956 -3.79117 ’ 6.36996 4.02771 3.77119 I. capensis
) - 5.82645 0.27049 2.22584 . 2.11711 2.3350 I. schlechtoriy

3) - 5.34780 ~1.54494 . 1.58506 1.89961 3.80725

{0

+ Sultani

C.  Testing of keys.
(1) with known species

For identification of known species with these classification
function coefficients, the valfﬁPOE characters used for discriminant
analysis was multiplied with {&s respéctive coéfficient and the constant
was added. The maximum value ébinciding with the species was identi-
fled as that species. For example in the case of I. holstii, the

r

value for characters: 1) other flavomoid I in the stem = @
2) other flavonoid III in the stem = 1
3) other flavonoid IV in the stem = 1

4) leucocyanidin in the stem = 2

and when these values were used with the classification function

coefficients for each of I. capensis 1, I. schlechterii 2, and

I. sultani 3, the following calculations resulted:
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1) (-13.99956) (0) (6.36996) (4.02771) (3.77119X2) =  3.94049
25 (-5.82645) (0) (2.22584) ,(2.117I1) (2.3350X2) = 3.18650
- 3) (-5.34780) (0) (1.58506) (1.89961) (3.80725X2) = 5,75137,

l;
As can be seen the maximum value was obtained in 3) and the species

under test can thus be identified as I. sultani.

(ii) with unknown species

Once these seven known species ﬁere classified all "uﬁknowns"
(Z. holstii, I. herzogii kwith no repeats), the cultivars, A'flame,
Aloha, Arabesque, cheers, hybrid (Tangerine X é.I. no. 366029),
Sweetéue and the unidentified species with P.I. no. 349582, 349582-4,
349583, 354255 and 366029 were tested with the key. All unknowns but
the cultivar Arabesque felllinto the insepérable group of I. capensis,

I. schlechterii and I. sultani. The cultivar Ar&besque came out

with I. balfourii but could be separated from it by the presence of
malvidin bioside in leaves., The remaiﬁing "unknowns" were then
subjected to discrimipant analysis as demonstrated above with the

following results:

Taxa closest to L. capensis: I. pallida and cheers; -

Taxa closest to I. schlachterii: A'flame, Aloha, Arabesque, Hybrid

and Sweetsue;

Taxa closest to I. gultani: I. holsgtii, and P.I. nos. 349582, 349582-A,

349583, 349586, 354255 and 366029.

Testing of each individual species (known and unknown) was
Bimilariy-carriad out to see whether it .fell.in the-group to which

it actually belonged and the results are shown in the following
. ,_———'\‘R oL . _,'"--_'



‘text table ( see also the text table on p. 46). .

!
No. of
Actual group, cases Predicted Group Membership
Group 1 Group 2 Group 3
1. _I_ capensis 3 100. 0% 0.0  0.0%
2. i, schlechterii 7 . 14.3% 71.4% 14, 3%
3. I. sultani 5 S 0.0% 20.0% 80.0%
Ungrouped case 14 21.4% 35.7% 42.9%

Percent of "Grouped“ cases co;rectly classified: B(Q.0%

D. Construction of kéy baced on simplified analyses

The computer key described above is useful only if the antho-

cyaniﬁ pigments are élready knovm. For a plant for which such data

1s not available, it is still possible to get an identification by

using information relatively easy to obtain: These are: presence and

site of pigments in organs and tissues, and nature of aglycones.

A simplified key based on vegetative characters only

Pigments of only cyanidin type in stem -2
Pigments of cyanidin and cther types as well in stem —————-— 4
Anthocyanins absent in leaves -- ——;——ﬁl. balfourii
Anthocyanins present in leaves =~———————eme— -3
Onlﬁ cyanidin in leaves o —-=-1. capensis

Cyanidin, delphinidin and pelargonidin in leaves -——I1. gchlechterid
(only PI no. 354259)

~

Cyanidin and delphinidin in stem —=5

Cyanidin; delphinidin andffor other pigments in stem ~——==—— 7

Pigments localised in epidermis, upper cortex and near vascular
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4

bundles in stem cross sections at- 5th interﬁode T
5. Pigments localised in epidermis, all across cortex and pithlin
. 3 .
stem cross sections at 5th internode ————w————u- 1. platypetala

6. Pigment localised in epidermis and mainly upper cortex of:

petioles —_—— 1. linearifolia

6. Pigment localised in'epider@isa cortex and near vascular bundles

of petioles . . ' —1. schlechterii

(all other six-varieties)

CoT. Cyanidin, delphinidin and malvidin in stem ~--—=I. sultani

7. Cyanidin, delphinidin ahd pelargonidin in stem -I. balsamina.
\ ’ '

N.B.~ The usefulness of this key is of course restricted to the-above

seven species.mosi commonly encountered in horticulture.
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Discussion and Conclusions

In the present_séudy a total of ten species
and twelve cultivars of Impatiens have been examined for their anthocy-

anins, anthocyanidins, leucoanthocyanidins and a limited nunber of

, (
other flavonoids. Simpler glycosides of pigmepts were found in 2'

vegetative tissues, cyanidin 3-glycosides being. the most common,

) Delphiﬁidin 3-bioside second in abundance, and malvidin, 3-biloside and

pelargonidin glycosides rather rare. In floral tissues, glycosides and

"acylated glycosides of pelargonidin were most common, followed by those

of mwalvidin and peonidin. Glycosides of-cyanidin were detected in

flowefs of only one species (L. capensis) and those of delphinidin

N

notigfxall. Aurantinidin glycoside, a rare pigment (Clevenger, 1964;

—- .
—

Jurd and Harborne, 1968 "was detected in flowers of two cultivars,

Hybrid and Sweetsue, both derived from 1. aurantiaca.

Hydroxylated anthocyanidins such as pelargonidin, cyanidin— —

and delphinidin are considered as primitive pigment characters whereas
methoxylated anfhocyaﬁidiﬁs such as peonidin and malvidin are

considered as advancéa charaq;ers\(Harboﬁhe, 1967). It was observed

in this study that malvidif glyéosides werg‘yerg‘fare in the stem

L. . ' : o .
tissues but.present in flower petals, thus supporting the -previous

observations (Clgvenger, 1971) that stem pigments are more primitive

R G o
T ST
.

structurally thin those of flower pigments.

Among anthocyanidins obtaiued'BY_acid hydrol&sis of awyanic

tissues, tyanidin was the most common in .stem, “leaves a&d‘ﬁlpweré. .
Delphinidin was present in stem and leaves of '50% of taxa but rarely.
in flowers,- Pelargoﬁidin was obtained in flower petald of 457% of

) ’ ' .
-, 3 -

B
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taxa but in'stems and leaves of only one species. Malvidin:was
detected im flowers of only two taxa and not at all in stems and

leaves.

N
The genus Impatiens is characterized by the présence of
both anthocyanins and leucocanthocyanidins (Bate Smith an& fegner,
1954; Clevenger, 1971), aithough primarily an herbaceoug taxon. It
was observed in this study that %hen both anthocyanins and leucoantho-
cyaﬁidiné were present in the éame tissues of a plant, there was no
correlation between the type of aglycone derived from anthocyanidin

and from leucoanthocyanidin. For example, delphinidin was detected

only in leuéo—form in flower petals of_i. balfourii, I. herzogii,

L. platypetala and P.I. no. 349583.

As reported by Nozzolille (1972) for-seedlings of several
dicotyledonous plénts} the site of pigmentation in various tissues -
is species gpecific . * Similar observatioﬁs were made with Impatiens,
but since the pattern of pigmentatiom changes with the stage of

- .

development within a species, oniy sections of comparable age.

were examined. For example, among Impatiens species, I. platypetala

could be separated from I. lihearifolia and I. schlechteri on the

basis of the localisation of the pigmented cells in stem tissues. I.

linearifolia and I. schlechterii could be separated from each other

on the basis of pigment localisation in petiole cross sections.

The kinds of)\pigments presént in tissues are characteristic
of a species, but sevexal specles may share the same pigmentation.

In the.present study for example, similar glycosides of pelargonidin

were found in flower petals of both I. lipearifolia and I. schlechterii

1
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and in stems and leaves of I. linearifolia and I. platypetala, -

similar glycosides of cyanidin and delphinidin were found.

Few chemqtaxonoﬁiﬁ studies of the genus fmgatiens using the
flévonoid pigmeﬁts have been done so far. In chemota\onomic studies
it d4s very lmportant to identify the species accurately. This is
extremely difficult in Impatiens, because of the.confused and
controversial state of its nomenclature (Clevenger, 1971). Tor
éxample,_thg plants of ;,7cagensis and I. Eéllida are‘vegetatively
similar and often grow toéether (Wood, 1975). However, they differ
in flower colors and shape and size of spur. Fernald (1950) regarded
L. capensis and I. Eallida as two species and described differences -
in the morpholagical characterist;cs of their flowers. Bohm and
. To ers (1962), Hegnauar (1964) and Russel an;JWoodland (1979) studied
the phenollc compounds such as napthoquinones, coumarins and phenolic
acids of .both species and were able to differentiate them on the
basis of the presence of vanillic acid only in I. pallida. The plants
identified as i, pallida in the present study were distinguished
- morphologically from_l.:caéensis by the yellow color of the petals and
the right~angle of the spur but were found to contain anthocyanidins
and leucoanthocyanidins in VEgetative tissues similar to those of
L. capensis. Hence, it still remains an open question as to whether
the plants identified as 1. pallida in this study were indeed a

separate gpecies from I. capknsis.

A second example is found in the two species, I. holstii
and I. sultani which Bailey (1949) separated on the basis of morpho-

logical differences in their leaves and flowers. . Wood=(1975) on the

!
d
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other hand mentioned both I. sultani and I. holstii as synonyms of

I. walleriana and Elias (1967) also described I. sultani as a synonym,
. A iy

OS.L.-wallériana. In the present study plants identified as I. sultani
and as I. hélstii were analysed for thelr pigment characters and both
types were foundito.contain malvidin glycosides in stem tissues, a
result which lénds support to Wood's decision that the two are one
specles.

Of the 7 speciles investigated most intensively in the present
study, two were I. capensis and I. sultani as already discussed. The

remaining 5 were 1. balfourii, I. balsamina, I. linearifolia,

I. platypetala and I. schlechterif In the following text, chemotaxonomic

studies done on each specles to date are summarized.

1) I. balfourii has been examinéd previously only for phenolic
acids by Bohm and Towers (1962) anleegnauér (1964). 1In the present
study vegetative and floral tigsﬁes of this species were analysed for
anthocy;nins, anthocyanidins and leucoanthocyanidins for the"first_giﬁe.

No anthocyanins are pregent in-the leaves but leucocyanidih was detected

there. In stems both leucocyanidin and a pyanidin—B%hioside and 3-

0 .

monoside were found.  Flowers, on thé otheg hand, ﬁdntain'onl§ an acylated
malvidifg=3~glycoside along with leucocyanidin, leucodelphinidin and
leucomalvidin. | ' - o -k\\‘ C B
2) The flavonold pigments of I. balsamina have,been studied indetail
(Beale,'1942:.cievenger, 1958; Bobm & Towers, 19623 Hegnauer, l964; Hagen,
1966 and Strack & Mansell, 1975)." Cdmpiex mixtures of pelargenidin 3-,
3,5-glycosides and their gcylateé-deriVatives have been identified in
flower petals éf I. balsamina, genotype llHHprpf by Hagen‘(1966)‘and

Strack and Mansell (1975) whereas simpler pigments were present in stem

)
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tissues. Similar results were obtained with this genetic linﬁ in the

present study. )

3) Clevenger (1958 and|1971) studied anthocyanidins and leuccantho-
. l“ N
cyanidins in I. capensig and|I. pallida, and both species were found

to contain pigments of cyani%in type in stems and flowers. In the

present study, the anthocyanins of stem and leaf (petiole) tissues

\ ,
have been identified as a chnidin—S-bioside together with smaller -
amounts of a cyanidin-3-monosfide. A cyanidin glycoside was also detected

in the petals. Only leucocyahidin was detected in stem and flowers, but

1

traces of leucodelphinidin were also present in the leaves.

4} Anthocyanins, lecucanthocyanidins and other flavonoids have
N\ X

never previously been examined in vegetative and floral tissues of

I. linearifolia. Tﬁey were fopnd in this study to comprise a cyanidin
-3-trioside, bioside and monos%dé, a' delphinidin bioside and bqth

leucocyanidin and leucodeLphiniﬁin in stem and leaves. Flower tissues
(petals) on the other hand coﬁﬁained‘only<palargonﬂﬁn 3~ and 3, 5-glyco-

sides and. leucocyanidin and leucopelargonidin.

5) Clevenger (1971) examined hydrolysed tissue extracts of
I. placypetala for anthocyanidins an&-found_cYanidin, delphinidin,

and malvidin. In the present study, the anthocyanins of stem and leaf

L

were found to be similar to those of I. linearifolia. Floral pigments
on the other hand consisted of malvidin 3 and 3,5-glycosides and

malvidin 3 and 3,5-acylated glycosides, together with leucocyanidin) leuco-
.
delphinidin, and in one sélectlon, a trace of leucomalvidin.

6) Clevenger (1971) also examined some varieties of I. schlechterfi -
H

aﬁd-found cyanidin and delphinidin in vegetative tissues, but pelar-.

(
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gonldin in floral'tiésues. In the present study, stem tissues were
found to conpéin cyahidin and delphinidin biosides,rsome cyanidin
monoside and leucocyanidin, leucodelpﬁinidin and leucopelargonidin.
Leaf tissues contained only a cyanidin monoside and bioside and
le;cocyanidin and leucopelargonidin. Flower tissues on the other :

hand contained several species of pelargbnidin 3~ and 3,5-glycosides

‘aﬁd a'3t5-acylatéd glycoside and oniy leucocyanidin.

7} Robinson and Robinson (1931)'identified a pélargpnidin
complex 3’5-dimonoside; closely resembling monardaein in the orange-—
scarlet flowers of I. holstii and a peonidin complex 3,5-dimonoside in a
deep bluish—roée flowered variety. Klozova and Rokosova (1961) found
malvidin glycosides in stems and ;hose of peonidin in petals 6f'red—
viclet flowers and of peonid?ﬁ and'pelargonidin in getals of a scarlet
flowered variety of I. holstii. The magenta flowered variety analysed
in this study also éontained malvidin glycosides in the steﬁ and
‘peonidin glycosides in flower petals. Other varieties analysed for
énthocyanins in the presenﬁ study also contained glycosides of cyanidin
and malvidin in stems and leaves.n Orange, pink and red flowered
varieties contained only pelargonidin‘glycosi&gs_in the petals.

. Technical probléms with the studies oﬁ flaVOnoids,‘especially
anthocyaniﬁ plgments are numerous. it is hard ta gét-éynthetic
standards. If fhe glycosides of one agl&cone are numerous within‘a

‘plant, it is hard to identify each glycoside due to instability of
pigments and difficulties of getting sufficient ambunté of each one.
Quantitative estimation of individual anthocyanin aﬁong séveral species
is also difficult, because the total amount of pigmentg present in

tissues of various plants differ. Moreover environmental factors
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also affect the pigments quantitatively, although not gqualitatively®
(Alston and fhrner, 1963). TFor these reasons most of the studie$
~done to date are based on aglycone identification in this genus
(Clevenger, 1971 and Hegnauer,\1964). Clevenger (1671) anal§éed
nineteen species or varietiés for thé presence of anLhocyanidins and
leucoanthoecyanidins and Hegnauer (1964) examined ﬁhenolic acids and

leucoanthocyanidins in seventeen species of Impatieps.

This present study, and others, of flavopoid pigments in
only a small part of the génus Impatiens indicatfs that an analysis
of these pigments in vegetative an& floral tishues does aid significantly
in sdlving the problems of species and cultivar identification. Asen
‘(1977)lfor example, distinguished two New Guinea white Impatiens sister
seedling cultivars D5191—l and D-191-7 on the baéié‘of quantitative
differences in flavonols (Kaemferol-glycosides) as determined by high

pressure liquid chromatography.

Ii vegetative chemical charécters can be used for classifica;
tion purposes, they will be preferred. It is 6ften diﬁficult to get
flowers., Once flowers are available, species can often be differentiated
by their morphological characteristics only.' Thus chemicél characters ’
inlvegetative tissues geem to be more promising from the pfactical

point of view because stems and leaves are more readlly dvailable.

When an attempt was made to relate chromosome numbers of
species with the complexity of pigments, it was observed that the
chromosome number (n) is 7 in both I. balsamina and I. capensis, .but
the pigments are of complex glycosides of pelargonidin type in

I. balgamina flower petals and of primitive cyanidin glycosidic type
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in I. capensis flower petals. Thus there is no direct relation of

ploidy with complexity of pigment characters.

- In conclusion I would like to put here Larsen's statement
. '\ ;
(as quoted in Asen, 1977): "All inherent morphological manifestations

of varietal differences must ultimately have a blochemical difference

but not all biochemical differences are necessarily reflected

morphologically. Thus, biochem%féi differences should be more

numerous than morphologicii/differeﬁées.”
4

i
R
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-Appendix 1

Source of Authentic Sampies and Chemicalé:
N o Standard anthocyanins, cyanin and malvin, and anthocyanidina,
cyanidin, pelargonidin, and delphinidin were purchasged from Fluka AG,
Bucbs SG, Switzerland. |
Staﬁdard sugars, D (+) glucose, D (+) galactose, D (+)
rﬁamnbse, D (+) xylose and L (+) #rabinose were pufchased from Sigma
Chemical Co., -St. Louis, Missouri, USA, and Figher Scientific Co.,
Fair Lawn New Jersey and Ottawa Br. '
Phthalic acid was obtained frodﬁ%agtman Organic Cheﬁicals,,
' Rochester, N.Y. Butanol was purcﬁased from Fisﬁer‘Scientific Co.,
Ottawa, Ontario. Iso~amyl alcohol an&‘propanol frdhlthe same coﬁpauy.
Ethyl acetate, petroleum ether and;acetic acid were punchaséd

from Mallinckrodt Chemical}Wbrks Ltd., Montreal and Tqronto Branches.

Hydrochloric acid was purchased from J. T. Baker Chemical Co.,

Phillipsburg, New Jersey. 08865.

MN Polyamide D-6 powder was obtained from.Macherey Nagel & Co.,
W. Germany, ) g s "
Aniline and pyridine were purchased from Fisher Scientific

Co., Ottawa Br.

Formic acid was purchased from B.D.H. Co., England.
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Appendix 2

N

Sources and Chrombsome numbers of Impatiens species (see Table

\

" in Thakur & Nogzo illo, 1978)

Sources*®

Plant Specieé _ Chromosome References
numbers
A. 1. I. balfouriy X
Hook F. 1 'S 14 (2n) Khoshoo (1957, 1955).
7 (n) Chinnappa & Gill (1974).
2. 1. balsamina L. 2 ) 7 () Chinnappa & Gill (1974).
(11HHprpr) 14 (2n) Rao (1872).
3. I. balsamina L. |3 S 14 ¢2n) Rao (1972).
(white) .
4. I. capensis N 7 (n) Khoshoo' (1957, 1955).
Meerb: i
. i
5. 1. linearifolia 5 C 32 {2n). Arisumi (1973).
(BI. 354266) .
{no. 19) )
e .
6. I. linearifolia- 5 ° C.e 32 (2n) Arisumi (Pers. Commun.).
(RI.354EET); o ‘
(no. 20)
7. I. platypetala . 5 (o) 16 (2n) Arﬁsumi (Pers. Commun.).
PI. 34%5)' . :
no. 21). j
8. I. séhlechterii 5 C 32 (2n) Arisumi (Pers. Commun.).
Warb. ’
9. I. sultani Hook F 6 C 16 (2n) KPoshoo (1957).
10, I. herzopgii K. 5 C polyploid Arisumi (Pers. Commun.).
schum.
11. I. holstii Hook F- ‘
- ' 7@ S 16 (2n) Khashdo (1957).
12.* I. pallida Nutt 4 c (n) Chinnappa & G111 (1974).

10
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~

(Appéndixfé,-oont'd)

B. Cultivars(Scienti—
fic names not given

so far)

13. Aflame . 5 C

14. Aloha 5 C

15. Arabesque 5 C

16, Cheers ‘ 5 C.

17. Hybrid _ 5 C

18. Sweetsue 5 e

C. Unidemtified -
species

19. P. 1. 349582 5" c
(no. 1) .

.20. P.Ee 3495824 5 c
(no. 14) '

21. P, X. 349583 "5 . C

- {(ne. 2)

22. P.I. 349586 .
(no. 3) "5 C

23. P.J. 3542355 5 C
(no. 6)

24. P,Xe 366029 5 c
{no. 26)

32 (2n)
32 (2n)
32 (2n)
32 (2n)
120 (2n)

40 (amphiploid) _

32 (2n)
32 (2n)
32 (2a)
32 (2n)
32 (2n)

8 (2n)

Arisumi (Pers.
Arisumi (Pers.
Arisumi (Pers.
Ar%gumi (Pers.
Afigumi (Pers.

Arisumi (Pers.

Arisuml (Pers.
Arisumi (Pers.
Arisumi (Pers.
Arisumi (Pers.
Arisumi (Pers.

Arisumi .(Pers.

Commun.
Commun.
Cormun.
Commun.
Commun.

Commun.

-Commun .
Commurn .
Commur.
Commurn .
Commun.

Commun.

*Sources:

1. Comservatoire et Jardin Botanique, Geneva, Switzerland

2. R. L. Mansell, Départment of Biology, ‘University of South Florida,

Tampa, Florida, USA. Gemotype (L1HHprpr).

3. Stokes Seeds, St. Catherine, Ontario.

4, Local collection in the Ottawa area in the wild (seedlings and’/,///

‘mature plants}.
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5. T. Arisumi, U:S.D.A., B.A.R.CY; Plant Genetics and Germplasm

W, -

Institute,.Be;ﬁéﬁille, Maryland,.ﬁSA 20705; T

*
.

6. Local plantings. - o
7. Hortus Botanicus,'Coimbrg,”Poftugéi.H ST R
S = Seeds C = Cuttings . R,
* These numbers indicaée'ahcgsqion numbers assigned by Arisumi.
/






