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CLAIM TO ORIGINAL RESEARCH' o

The-study reported in this thesis cgpstituées the original
#

g
research of the author, and the following are the most important -

>
contributions to the knowledge of the taxonomy of the Balsamlnaceae.

- l

1. The m ner_in whlch‘the fruit Zapsules debisce is described

*

¢

accurately for the first‘time. The resuits inoiéate that

. . .

Series A and Series B are more distinct than previously
. )

- thought, but the genus Hydrocera Blume now appears less ‘
. distinctive than has beennpfoposéﬂ. .

. ‘c._‘- / e . -

2, Chromosome number determinations are reported for the firsct .

- . " v , . . .
time for seven sSpecies: I. cinnabarina Grey-Wilson (n = 8, .
" 2n =16), I. coelotropis Fisch. (2n = 34), I. dalzellii .
Hk.£. (2n = 16), I. flanaganae Hemsl; (2n = 16), I. gordoni

Horne (n = §, 2n = 16), I. pulcherrima Dalz. (a.= 6, 2n = 12),

- .and I. usambarensis Grey-Wilson (2n = 16).

. . . -
()
.

3. lew chrdmosome numbers were found in I. éoughii Wt. (2n = 40),

I. parasitica Bedd. (n = 7) and I, viscosa (2n = 32).

-

Idiograms are given for ten species for the first time.

-

The presence of satellite chromosomes are reported in seven

new.species.

-~

‘6. This is the first study of meiotic irregularities in

non-cultivated Impatiens species whiéhlincluded lagging .

-

iii . K - . e e - :
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ABSTRACT. T
Ph,D. ' Alina E. ZinoervahS;ahevitch ] ' ?lgnt Sb%ence

- )

. SYSTEMAETC.STUDIES IN THE BALSAMINACEAE
. Plant collections, field'and herbarium studies were used to

evafuate-classifications.of.I&Eatiené., Aécepted interpretations

" of the perianth arg_dueétioned, ana a program of deyeLopmeﬁtal :

studies ‘on several catégorieS'of inflorescences proposed 4§ The fruit

has been indorqectly described. ‘It is of two types, differing in

. manner of dehiscence. Chromosome numbers are an inadequate taxonomic

hd L

character because of parallél cytoeVElutioq. Karyotypés were Y
. . . " ) - Y * . .
. prepared, but it %33 foun&-that-ﬁomologues were not distinguishable.

.- o

' Aatthnique for Hy-banding was developeé,}and homeologues in plants‘? .

of I. lescheﬁaultii‘Wall. identified. ‘It is préposed that Hy-banding

. . - Ld . ;
can identify marker chroMosomes which will be a'more efficient
(3 ¥ .

.chayactEr thén complete karyotypes. Thg glas#}f?catioqs-of Impatiens
age diﬁkusseq, and it is concluded that one_fqpnd;d on flower-pollin--
ator‘relationships is the best, aIthough.conVergence is a problem..

The genera of the Balsamindceae are reviewed, It is concluded that
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-~ - . * l - ..\ l - . - e
Impatiens. L'interprétation cla551qué“du périanthe est mise en

o Y : . ot
2 , , .. 3 )
. . . . - R - . N
] PR -‘. " ‘ . . -t C LY - * .‘ - . .
e e , , R
o SR _~ . RESUME.. ' . S T
- 4 ' J ’ \. . . ) ) ‘
. ) ' + -
Ph.D. " ‘Alina E. Zinoy'eva-Stahevitch. Planp_ScienEe
+ . . . . .. !
] ‘ - B '
. SYSTEMATIC STUDIES IN THE BALSAMINACEAE
' | N

- On_a utilisé des collections de plantes, et des études sur le

terrain et en herbier, pour,éva;uér les classificétions du genre.

3
4

* .
~

doute, et un programme d'@tude du développement des inflorescences

. .

'
t

- . i ses . ¥ e :
deux types, qui différent par leur mode de déhiscence. Les nombres
chromosomiques constituent Un caract@re taxonomique iradéquat, &
. : . . . ) . , “ ‘ ‘.,
cause du’ parallélisme présent au cours(Be l'évo%afion cytologique.

Y

Des caryotypes ont &té préparés, mais on n' ouvait distinguer les
caryotyp ‘ ¥Yp , .

homéologues. On a donc développé une technique pour teindre les’

bandes Hy, et on a identifié ;eé homéologues chez des plants.

. ° L J
.est proposé. Le Iruit availt &té incorrectement déctit; on en retrouve
ot : ! ¢

d'},'leschenaultii Wall. On suggere-que les bandes Hy peuvent servir

4 déterminer des chromosomes marqueuts, qui représenteraient des

. L]

caractgres plus siirs que le caryotype complet. On discute des

classifications antérieures d'ImEatiensf et on conclut qu'un .

systéme fondé sur les relations fleur-pollinisateur serait le
- . . ‘
meilleur, bien que la convergence présente un probléme. Les genres
. . L] .
L V4 L ) : . - o o .
de palsaminacead sont révisés. La conclusion qui ressort de cette
- . , . " '
étude est qu'ils ne représentent que des déviations mineures
' ) . . . 4 , T .
d'Impatiens. Ils sont donc rejetés..

r : ' . RN
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INTRODUCTION -

Impatiéns L., is a large subcosmopolitan genus with.its main

centers of diversity in the Old World tropicsand subtropics.
-

Beginning with Hooker (1868), numerous authors have failed‘to-

: \ : ¢

,arrive at a satisfactory classification of'Imgatiens. A review

Py
N
specimens. TFresh material is not easily procured. Only about 30

of the literature, together with field and herbarium skudiee; s00m.

\ - l-.-. RL

indicated~the major problems. 'Sihce the'middle of the last century
all treatments [except the superficlal if occa51ona11y valuable,

one by Warburg and Reiche (1895) in Prantl and Engler s ‘Natlrliche

Pflanzenfamlllen] have been regional in natuke, and therefore

ihadequate for recognizing major, phylogenetic trends. Furthermore,

A

the complex and fragile flower (which is a major evolutionary unit in

Impatieng) does not lend. itself well to p;eéervation in herbarium

species” have ever been maintained in botanical collections, and many
- '

of the tropical and subtropical Species are endemic to small, geo-

graphically and politically inaccessible fegions. As a result of

- t
these problems Imggtiens has acquired the ‘not altogether warranted

N .
reputatlon of being the most difficult of all Anglosperm genera .,

EE
o

(Hooker, 1368; 1909b). Consequently, in this century few botanmsts
(with the notable exceppion of Schulze, Huynh Clevenger, Bhaskar,
and Grey—Wilson) have undertaken studles in ImEatlens. This is

unfortunate, for the genus offers a broad range of excellent topics
for systematic studies.
- o . o
The original goal of my résearch was the cytotaxonomy of

e e ——————
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.
'

Impatiens, ﬁhdoubtedl& an overly ambitious project, whichfwas

inspiféd by the paper by Jones and Smith (1966) on the_cytogéograﬁhy

of the genus. Initally, i‘planned_éo concentrate on the species

-
1

of ﬁeninsular Indiafbecauser; krew that they had Trecently been
revised. 1 had enormous faith that the taxonom§ of the geﬁus was

- om a relatively firm basis, for it had been the last majdr'under— -

+

taking by a very eminent botanist of the last century. The more I

1]

looked at herbarium specimens and, even more importantly,at popula-
tions in the field, bhe less I could see the merit of existing classi-

fications. It finally became evident that no sigrificant progress in
. . .

the cytotaxonomy of Izpatiens could be mad long as the only-

available frame of reference was an artiflicial, and often bizarre,

classification. At this point, the de _sioh was made to devglop

inte a well-roundad taxonomist capable of making one's own judgements

. [} '
rather than a narrow specialist forever dependent on the decisions of

others. The thesis which follows is a first attempt to initiate this

development. !
F



CHAPTER I

ECONOMIC IMPORTANCE




- ECONOMILC IMPORTANCE - . . "

Impatiens is the only genus in the Balsaminaceae which is of
economic impdréance; Sdveral species have lang been valued in flori-

culture for their highly decorative flowers, long blooming season, and

_ tolerance to deep shade (Howitt, 1968).. Approximately 30 "species” .

(Table 1) have been cUlEivated, but only a fewroi{these have spread

) . B . b -
beyond local or conservatory culture, The first of these (Fig. 1), the

garden balsam (I. balsamina-L.), is a native of southern Asia, and

probably was introduced. into Europe from Goa by the Portuguese sometime

in the 16th cehtury (Bailey, 1900)..fThis'spécigs is said to have reé@?ed

England by the end of the 16th ceﬁtu}y, having been described in Gerard's

-
L)

lierball published in 1597, The second qommon cultivar (Fig. 2) is

1. walleriana Hk;f..(l,'sultani-ﬂk:f. énd.zs holstii Engl. etVWarb.)
coﬁmonly'known as 'Patience Plant';'Patieqt Lqu' or 'Bgsy Liziy'.

A native of Tropical East Africé, I. walleriana was iﬁtroduced nto
cultivation by the Royal Botanic Garéens, Kew, at the end of the 19th
century, and éoon became a staple window box and ggdding ornamental
(Murphy, 1978).

In the early 1970's, Impatiens ornamentals underwent a spectacular

-

rise in sales primarily as a result of their high resistance to air

pollution (Adédipe and Barrett, 1972) and the introduction of new,

’

compact "elfin" varidties of L. walleriana (Winters,‘1973): By 1977,

Impatiens ranked third in retail sales as a bedding ornamental in \

North America (Voight, 1978; Chong, 1979),
o _ <
The cultivation of Impatiens is not restricted to civilized peoples.

The aBorigines of Papuasia grow Iwpaticns in gardens and along village

-

tracks (Winters, 1973): It has been suggested that "New Cuinea Impatiensg"

s
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Species of Impatiens which have been brought into cultivation as

ornamentals. :

Table 1 ...

e .

!

Species:

Source area

A. Carden Ornamentals

1. I. amphorata Edgw.

2. I. balsamifia L.

w
.

hawkeri Bull
——_===

+

. Herzogiil

)
.
|

holstii Engl. & Warb.>

hd
1=

=
{—
.

linearifolia Warb.% '

. mooré&ana Schlecterl

~J
.
.ll—{

8. I. petersiana Rend. 3

9. I. schlecteri Narb.l

10. E,-sultani Hk.f.2 _ ~

11. I. walleriana Hk.f.

¥

B. Conservatory Ornamentals

1. ‘I. auricoma Baill.

2. 1. balfourii Hk.f. ({\\

3. 1. chrysantha Hk.f.

4. 1. comorensis Baker

5. I. cuspidata W. & A.

o
.

1=
.

falcifer Hk.f.

~
.

i~
.

flaccida Arn.

®
w

glandulifera Royle

W. Himalayés

India

Papuasia

Papuésia

Tropical East Affica
fapuasia

Papuasia

Papuasia .

Tropical East Africa

. Tropical East Africa

Comoro island
Hiﬁalgyas .
Himalayas

Comoro Island

India

Himalayas

S. India, Sri Lardka

Himalayas .
) ' Table cont'd.

Al e el s



Table 1 (conﬁ'd)

- . ~

Source area’

'Species
"
9. I. grandiflorafﬁemsl. ' Madagascarf
10. I. hookeriana Arn. S. India, g?i'ianka
“11. I. jerdoniae Wt. S India ! -
12. I. niamniamensis. Gilg Tropjcal Africa
13. 1I. oliverd wé. ' Tfégical East Africa
14. 1. oppqﬁtifolia L. S. India, Himalayas
15. I. marianae Réiéhb. India,
16. I. platypetala ﬂindl. .Java,Celeges
17. I. psittaci;a Hk.£. &hailand "
18._5.‘ra2ens Mo;n. 'Sri Lanka
,ﬁ .

+

1Synonymous with I. hawkeri Bull sensu,lato (Grey-Wilson, 1980a).

2Synonymoué with?l
1980g) . : '

. walleriana Hk.f. sensu lato (Grey-Wilson, 1978;

3Referrable to either I. hawkeri Bull Group 9 or I. walleriana
(Grey-Wilson, 1980a).

éCatagory,B includes the species in A.

A

1
|




balsamina L.

'Fig. 1.

1.

walleriana Hk.£,

1.

Fig. 2.



”vﬁieréll derived from I. hawkeri Bull, and that the.many different lines

AT

. P . : ) 8

with tﬁeir-huge flowers and brightly variegated foliage, 4fe‘thq result

of centur;gé_of breeding-énd_sslectioﬁ by ;he indigenous-pqpulatioﬁ
(g.B.S;ENomersley, personal éommﬁnicatio;; GgéyQﬁilsoni 1980a). A .
collection .of Ne; Guinea Impatiens (Fig. 3) was introduced intec North \\\’}.
:Amefica by the United States Deparéme;t of Agricﬁlture.and ‘the Longwood
Foundation (Winters, 1973) and has since then revolutionized‘che
Impatiens market.
' The pbtential of ImBatieﬁs as ornamentals has by no meéns been

exhausted., As the eminent American Horticulturist L.H. Bailey observed
!

in 1900: N | .

"The genus Impatiens abounds in ‘epecics that will
probaﬁly have hortiquléural valué, although relatively
few are now in cultivation outside botanical collect~’
ions... This'beautiful genus has not been much dev- |
eloped horticulturally. Creat ngppers of species,
hybrids, and interesting forms may be expected to"
éppear in-cultivation in the future. The genus has

immense possibilitiés for productive horticuitﬁral

work.,"

The poﬁential of Impawiens for the development of new ornamentals
has bgéﬁ recenfly discussed by two taxonomists. Bhaskéry(1975), in his
study of South Indian Impatiens, proposed 12 species for cultivation,
namely, I. chinensis L.,'E,.cusgidata W. and:A.,.z. flaccida Arn.,
I. fruticosa D.C., I. gardneriana Wt., I. grandiglﬂeyne, I. hookerian;‘Arn.,

I. maculata Wet., E} parasitica Bedd., I. phoenicea Bedd., I. pulcherrima
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Figure 3

-




. Dalz., and.l. talbotii Hk.F. His list was limited to species that

could be grown at Mysore in the Indian lowlands. A much greater number

of attractive species can be grown in the temperate zone where the
'climaté_more closely approaches that of the Souﬁh Indian hills

(Russell, 1980). Grey-Wilson (1980g)' suggested that numerous African

.
-

Impatiens®are suitable for cultivation including: I. rosulata Grey-

- Wilson, I. rubromaculata Warb., I. lukwangulensis Grey-Wilson, I.

. eryaleia Launert, and I. flammea Gilg. Since most Impatiens perform

4 vell.at low temperatures, ‘and so require relatively moderate outlays
' A

of eneréy; the co::e;;ial demand for them is likely to increase in the
~ future. ) "'" i )
Although the mzin cconomic impact of ImEatiens is as‘ornamentais,
- . ;everal‘species have been used as medicinals, prophyiactics, dyes and
oils (Tabie 2). " Perhaps the most‘wide;pread’medicinal'applicétion is
as a topical salve againét‘; variegy of irritant s;ndromeé (Table 2A),
.including- stinging nettle (Thoméon and Sifton, 1922), bu:ns in India
(Rao, 1914) and Papuasia (Winters, 1973), and éCZEma among the Zulus
kRiley, 1963), Indians (Rao, 1914) and Amérindiansf(Schaffer et al.,
1951—52):. As a curative for poison ivy, .the sap'of 1. capensis and
I. pallida is-stil}'a popular folk remedy in rural New Engiapd ,
(Gibbons, 1966). josselyn (1672) reports that macerated leaves and stems
of I. cggensis mixed with hog grease were the favored Amerindian ointment
for bruises. Rao (1914) %otcd thatil. balsamina'Was'used in India as a

treatment for ulecers. Little is known of the pharmaceutical properties

of Impatiens species, but our native I. capensis-and I. pallida contain




Table 2

Uses of Impatiens other than as ornamentals’

L

A: Medicinals, prophylactics

Species ‘ Treatment Where uséd Reference
I. balsamina L. eye disease ‘8. Indla Rao, 1914
ﬁlcerg' 'S, Todda Rao, 1914
ecéema S.-Indié Rao, i914 )
L.capensis Heerg.l bruises N. America - Josselyn, 1672 )
eczema ‘N.- America

I. chinensis L,

I. glandulifera
Royle<

I. hawkeri Bull

3

~I. hochétetteri
Warb.5

poigson ivy’

emetic

'diuretic

gonorrhea
burns

diuretic

' burns

eczema

N. America

N. America

N. America

.S, India .

S. India

Europe

New Guinea

S. Africa

Gibbons, i966
Pammel, 19117
Pammel, 1911

. an, 1914 )

Rao, 1914

Schaffer et al., 1951-52

Pamme}f’Igiz“ "‘

Winters, 1973

'Riley,. 1963

Tab}e

o
cont'd. -
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Table 2 cont'd.

I.

tinctoria

A, Rich

orange or
yellow

black

dried salmon

coloring
clocth

cosmetic

N. America

4
Ethiopia

Species Treatment Where used -Reference
I. noli-tangere Ll diuretic Europe Warburg and Reiche '1895; Pammel, 1911
' emetic Europé warburg and Reiche, 1895 Pammel, 1911
: Schauvenberg and Paris, 1977 .
antihemorfholdalr Europe Warburg and Reiche' 1895 ‘
-cathartic Europe " Warburg and Reiche, 1895; Schauenberg
and Paris, 1977
_stfles -Egrqpe Thdﬁson-agd S#ftbn, 1922
I. pallida Nutt. ‘eczema N. America Schaffer 53_5145,192?
poison ivy N. America Gibbons; 1966 |
B. Dyes ' o
Species Pigment Use Where used Reférenée
I. balsamina L. red 'cosmetié Indié, éﬁina) Japan Warburg and Reiche, 1895
I. capensis Meerb.> orange coloring N. Ameriea | Nuttally 1818- |

Nuttall, 1818

Warburg and Reiche, 1895
Table cont'd.

[4
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‘Table 2 coni'd.
o

| . .
C. Food : v y -
Species o _ Use Source ‘Where used _ - Reference -
I. balsamina L. 011 .(culinary and . seed India - - Warburg and Reiche, 1895;
fuel) . Rao, 1914 R
- I. capensis Meerb. végetable . stems, : N. America Gibbons, 1966
; ' leaves, young -
. plants '
1. glandulifera 0il (culinary and seed . W. Himalayas ‘Warburg and Reiche, 1895
Royle? fuel) . ° : C
I. racemosa DC. ' "oil (culinary and seed E. Himalayas Warburg and Reiche, ;895
' fuel) v _ . )
. T ' 7 ﬁ' ) . - - .
1Either as I. biflora Walt, or 1. fulva Nutt. _
. : . . 7_/
2As I. roylei Walp. : .

3 .
As I. mooreana Schlecter

aAs I. marlothiana G.M. Schulze

SAS I. fulva Nutt.



(Long,.l9l?; Pammel, 1911). Howeyer, the evidence is entirecly circum-

, stantial, and as Steyermark (1963) points out, I. capensis is frequenﬁly

14

A
-

the poweréul anti-fungal agent 2-methoxy-1,4 napthoquinone (Sch?ffer

- P

et al., 1951-52). A second major medicinal role of Impatiens has bee

as purgatives (Table 2A).  The Eurasian-American vicariads I. noli-

4

. tangere and 1. capensis as well as the Himalayan I. glandulifera are

strong emetics, diuretics, and laxatives, and were widely used as such
in Europe (where the lst species .is naturalized) until the middle of

the 19th century when they fell into disfavor due to the violence of

the reaction they produced (Wérburg and Reiche, 1895; Pammel, 1911).
It should béinoted, however, that one recent work on herbal medicines

hd -

(Schmﬁnberg &nd Parfs,-1978) does recommend L. noli-targere as an effec-

tive diuretic and emetic. It may be théesc expurgatory properties which

-have. caused all thre=z species to be implicated in livestock poisoning

grazed by vhite-tailed dccf without any adverse effects.
_ N - . : .
. Several species of Impatiens have been employed as dyes (Table 2B).

In Indi&, China, and Japan, a red pigment extracted from the bruised

]

petals “of 1. balsamina has geén used as'a cosmetic for the coloring of :\\\f
hands,_hails and feet (Warburg agd Reiche, 1895). Ame%iﬁdians anticipated

the modern.food processing industry in the use of extracts ofil. capensis

to color dried salmon. Amerindians and iater European colonists used the

floral pigments of-this épccies as a dye foF cloth. The African séecies,

1. tinctoria A. Rich, derives its specific epithet from the fact that the

" tuber yields a black pigment which was used in Ethiopia for the ritual

dying of hands and feet (Hooker, 1868; Warburg and Reiche, -1895).

2
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" Finally, it should be noted that Imgatiehs species have occasionally

. s »
been used as food sources (Table 2C}.

e e S e Sma® o L



" CHAPTER 11

A DICTIONARY OF
VERNACULAR NAMES
FOR

IMPATIENS
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A DICTIONARY OF VERNACULAR NAMEé FOR IMPATIENS

- . . - L4 ’
One problem which®I have encountered over and over agaln while

doing field work is not knowing the word for Impatiens in the local

dialect. I have yet to encounter rural populations in which the
individuals cannot immediately direct you to géod cdllecting local-

ities if only one knows the vernacular name. Exploding the capsules

a

of Imgatiens apﬁéars to be a ﬁopular pastime (albeit mainly of child-
hood) the world over. On the other,hand, given the sketchy knowledge
of English found ix most of rural Asia, it is often impossibie_to

explain what one is looking for by describing the plant. I remember one

particulary ffusc:a:ing.morning lost while a most accommodating, but
h0pelessly puzzled village headman dragged me all over the Pykarra

Ddtms in an attempt to discover. exactly what wretched plant the

.

"erazy memsahib from Kan-a'-da" was collecting. (Tosthis day I cannot’

decide whether his generous allotment of his time waé the result of
his eqthusiasm for the local floodfcontrol project funded by Canadian
money,‘or, what is more likely, the result of the innate Indian kind-
ness to the mentally ill.) Upon ﬁy return to Ootacamund, I asked
Mohaﬁed Ismail for tﬁe Tamil word-for Impatiens which he wrote out
phonetically. Thenlhe gave me the Maylayama‘name,explaining that the
villagers at Pykarra were immigrants from Kerala who still spoke their
mother tongue r;ther than Tamil. iater I was able to verify the names

in Rao (1914). So that was how this little dictionpary began, and it has

proven quite useful in the field. T have given no authorities for the



.
3

English names because these I have picked up while collecting in

Eastern North Americah, mainly in New England..

. P
| . .

18
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!
Some commdn names for Impatiens ?

Languagé Common Name - Reference
Arabic ﬁahﬁ, Bedevian, 1936
Chinese ) Féng HsieﬁlHué ‘ Steward, 1958
English . Jewelweed .-.—-‘

Lady's earrings |
o - 'Snapweed

' Touch-me-not

French Balsamine : Bedevian, 1936

Impatiente Provancher, 1862

‘N'y touchez pas |

German Ruhr-mich-nicht~-an Kosch, 1965

Springkraut |
Hindi'. ] ' Gul-mehndi Rama ﬁao, 1914
Italian ' Balsamina Bedevian,.l936

- Belluomo . e
Gelosia
‘Japanese - Tsuri-Fune-So Zuku 7 Ohwi, 1965 ¢
Malay ‘ Inai. . o Ridley, 1922
Maylayama | Mecchingom Rama Rao, 1914
(5. India)  Pily
~ Marattra . Tereda "~ Cooke, 1901

{(Cent. India)
. L ]

Cont'd...
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-
Language |

Common Name

Reference

Paﬁﬁasian
Sinhalese
(Sri‘Lanka)
Samoan
Tamil -

.-

Turkish -

Kontip
Kudalu-mal
Gal-demata
Patiale
Py%ee
Vastla

‘Kina gig

Winters, 1973

Fernando, 1954

Christophersen, 1935

Rama Rao, 1914

Bedevian, 1936

* 20
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CHAPTER TII
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MATERIAL AND METHODS

The research reported here was primarily based on four t&pes of

- N

evidence:

I. Herbarium Specimens

Morphology, flowering, and fruiting periods; and general
distfibﬁtion patterns were studied using the Balsamindceae colléctioné
at the gpllowing institutions: BKF, éK, BLATT, BO, BSI, CAN, DAO, k;
KLU, MH, MT, MIMG, ¥Y, and PDAi In addition, ;tudies_weré carried out
using'the collections of Fhree herbaria wﬁich are not registere& with
the International Bureau for Plant Taxonémy'and Nomenclature (Laﬁjouw
and Stafleu, 1964): Maharashtra Association for the Cultivation of
Science, M.A;C.S._(Pune, Maharashtra); University of Mysore, Mana-
sagangotri (Mysore, Karnataka); and the United Planters ‘Associaticn
of South India (Munnar, Kerala). A representative sample”of photo-
graphg made by the staff of tﬁe‘M.A,C.S. for my permanent recordé is

’ given in Appendix'I of this section. All data Vere entered on

permanent cards, and in some cases, ‘drawings made.

II. Field Work . . - ) o

Observations of Impatiens species in their natural environﬁent,
‘and collections of seeds and tubers for fuﬁure studies were_carried
out in South India during 1976-77, anq.in Sri Lanka, Malaysia and
Indonesia from July-September, 1977, Tubers of the Scapigerous species
did not survive shipment to North America. Furtﬁérmore, percent seed
germination was initially very low, a problem encountered by other
workers as Qell (Clevenger,i1971; Bhaskar, 1975; Grey-Wilson, 1980b).

Loy

.
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Only a few common species were obtained through seed banks. As a
fesult, research requiring living material (qytological studies, for
examplé) could not progress, Theraforé; it was necessary to.undepr
take a second collecting -trip to South Indiﬁ (Bétobér-November,‘1979)
to obtain fresh material for study. A supplementary éol;ec;ion of
living'plants had been deposited at the Government Botanic Garden,
Ootacamund QTamil Nadu) in 1977.in case seed germination caused
problems, Uﬁfortunately,'duriﬂé a chaﬁge in administration, this
colle;tionlﬁas inadvertently destroyed, necessitating'the duplication
of the material collected during 1976-77. During the 1979 trip, seed
collections were suﬁplemented by living'materiél.which'gas brought
back to-Canada by permission of the Quar;ntine Divisi;n of Agriculture
“ . . :
Canada._ The mateFial was prepared for’shipment to North America by
the foliowing procedure: ’
1. The Government Botanic éarden at Ootacamund was used as a
base, Itlwas chosen for the fdéllowing reasons:
[ ‘a. The presence of greenhouse faciligies and of sﬁaff,
trained in tﬁe propagatioﬁ aﬁd maintanence of plants,

who were willing to care for material while the author

was in the field.

b. A suitable climate. In the 0ld World Tropics, Impatiens

is almost exclusively an orophyt;p genus. In my
experience, few species occur at elevaﬁions‘beléw 1000
meters and it is not uncommonlto find.them at the
highest elevations (which in South India is about 3000

meters). The plants which-I had tried to raise in Pune

(elevation 1000 meters) during 1976-77 did very poorly.

’



Bhaskar (1975) enQOuntéred similar problems at :

: Mysore (elevation about 500‘meters); Since it was

| 'criticaifﬁhat the plants‘be ﬁealthy if they were to
survive transport ‘to Nofth'America (the problems
encountered in shipping Impatiens have been
discussed ﬁ§ Winters, 1973), it was essenfial to
maintain them in a sufficiently cool environment
between the time of collection and the gime of
transport, OQotacamund at an elevation of‘2,300 meters

[

provides an ideal climate for tropical‘-ImEatiens,

-
.

an& the surrounding region is in fact a major center pf
diversity for the -genus in the Indian subcontinent.
2. ﬂhole plants were collected in various hill stations, rich
in Impatiens species (localities are given in Table 1), .
immediately wrapped in wét newspapers (plants packed in
plastic Bags begin to rqt within a few hours); and a numbered
tag was included in each packet. Field data wére entered
on the corresponding sheet in a spécially prepared notebéok
(Fig. 1) supplied by Dr. V. Vartak of the Maharashtra Assoc-
iation for the Cultivation of Science.‘ In the case of the
Scapigerae, as much soil as possible was washed from the
tubers. Some representative speciés are shown in Apégndix 2
of this section. :
3. At the end of each day, plants were. unwrapped and cuttings
made or in the case of the Scapigerée, infloresences and

damaged leaves removed. On subsequent days, cuttings and

tubers were checked for freshness, and unhealthy material
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Table 1

Field collections of Impatlens

> *
Species S qu?lity-
I. acaulis Arn. 1
’ ( = I. gracilis Bedd.) Materan, Maharashtera™

1

-

|-

|+

=

|H

-

( = I. gracilis Bedd.)
( = L. acaulis arn.)

.appendiculata Arn.

balfourii Hk.f.

balsamina L.

var. arcuta Hk.f,.

balsamina L.
var. balsamina

balsamina L.
var. coccinea Hk.f,

balsamina
var. rosea

Fritzagerald Ghat, Mahableshwar, Maharashtra
Adam's Peak, Sri Lanka

Pussellawa, Sri Lanka

-Kollur Ghat, Karnataka

Madhuairibetta, Karnataka
Poonachi, Anamalais Hills, Tamil Nadu -

Parvati Hill, Pune, Maharashtra
Mahableshwar, Maharashtra
Khandala Maharashtra

Karla Caves, Maharashtra

0otacamund, Niligri Hills, Tamil Nadu
Baja Caves,+Maharashtra ’
Kliandala, Maharashtra

Londvala, Maharashtra

Karla Caves, Maharashtra

T e e s e =T T

. Botanic Garden, Besangon, France (Himalayas)2

1 TA



Table l'qontinued

Species -_ ) ~ Locality

0
£ -

I. balsamina L. A A Cultivar, Pocha's Seed Farm, Pune, Maharashtra
var. azaleiflora :

I. balsamina L. : Cultivar, Pocha's Seed Farm
var. camellifiora a - L
I. campanulata Wt. _ _ Sim's Park, Coonoor, Tamil Nadu

Tiger Shola, Pulney Hills, Tamil Nadu
Pambar Shola, Pulmey Hills, Tamil Nadu'
Bombay Shola, Pulney Hills, Tamil Nadu
Attakatti, Anamalai Hills, Tamil Nadu
7 Waynaad Estate, Devicolam, Kerala
N Lockert Gap, Kerala
' Rajmalai, Anamudi Peak, Kerala
Royal Botanic Gardens, Kew (India)

I. cinnabarina G?ey-Wilson Royal Botanic Gardens, Kew (Africa)
, ¥ :
I. chinensis L. Mercara Downs, Karnataka 3
var. chinensis Government Botanic Garden, Ootacamund, _
' Niligri Hills, Tamil Nadu )
: ¥
I. chinensis L. .
var. rupicola (Hk.f.) Bhask. Shimoga, Karnataka
I. chonoceras Hassk. : : Bogor-Tjiboidas Highway, Java
I. clavicornu Turz. Pykarra Downs, Niligri Hills, Tamil Nadu

Valley View, Niligri Hills, Tamil Nadu

L. coelotropis Fisch. Rajmalai, Kerala .

N

9z



"Table 1 continued

‘Species

Locality

1.

cordata Wt.

curtisii Hk.f.

cuspidata W. & A.

dalzellij Hk.f. & T.

diversifolia Wall.

elegans Bedd.

flaccida Arn.
var. flaccida

tv., ‘alba’

flanaganae Hemsl.

‘Devicolam, Kerala

Rajmalai, Anamudi Pedk, Kerala

©  Munnar, Kerala

Maxwell's Hill, Malaysia

Frog Hill, Niligri Hills, Tamil Nadu

-Lamb's Rock, Coonoor, Tamil Nadu.

Kundahs, Niligri Hills, Tamil Nadu
Sim's Park, Cooncor, Tamil Nadu

Munnar, Kerala

Upper Vagavurai, Kerala

Mahableshwar, Maharashtra

Pykara Downs, Niligri Hills,-Tamil Nadu

Poonachi, Anamalais
Soliyar Submergible
Tamil Nadu

Valparai, Anamalais

Valparai, Anamalais

Wynaad Estate, Devicolam, Kerala

Kandy, Sri Lanka

Univefsity of Ottawa (Sri anké)

:

Hills, Tamil- Nadu ..
Area, Anamalai Hills, )

Hills, Tamil Nadu

Hills, Tamil Nadu

ER

Royval- Botanic Gardens, Kew (Afriéa)

£z
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Table 1 tontinuéd

Speciés

Locality

I. fruticosa DC.

I. pgardneriana Wt.

I. glandulifera Royle

I. gordoni Horne

I. goughii Wt.

I. griffithil Hk.f.
1. hawkeri Bull

I. henslowiana Arn,

Lamb's Rock, Coonoor, Niligri Hills,.
Tahil Nadu o
Naduvattum, Niligri liills

Gudalur, Niligri Hills, Tamil Nadu

Dhoni Hills, Kerala
Thakarpaddy Bridge, Calicut, Kerala
Chundala, Kerala

Essen, Germany (introducéd)
Royal Botanic Gardens, Kew (Seychelles)

Kodaikanal, Pulney Hills, Tamil Nadu
Naduvattum, Niligris Hills, Tamil Nadu
Waverly Estate, Anamalais Hills, Tamil Nadu
Munnar to Upper Vaguvarai, Kerala '
Wynaad Estate; Devicolam, Tamil Nadu

" Kedah Peak, Malaysia

Royal Botanic Gardens, Kew (New Guinea)
Ottawa Research Station -

Tiger Shola, Pulney Hills, Tamil Nadu
Lockert Estate, Devicolam, Kerala
Lockert Gap, Kerala, Tamil Nadu

i Upper Vaguvaral to Munnar, Kerala

Nur Eliya, Sri Lanka
Royal Botanic Gardens, Kew (unknown)

B3



Table 1 continued

Species

Locality

1.

I. javensis (Bl.l Steud.

[t

]

I.

1.

hookeriana Arn.

Kleinii W. & A.

. latifolia L. -

lawii Hk.£. & T.

lenta Hk.E.

leptopoda Arn.

leschenaultii Wall.

levingei Hk.f.

linearifolia Warb,

Sim's Park, Coomoor, Niligri Hills,

Tamil Nadu

Coongor-Coimbatore nghway, Nlllgrl Hllls,
Tamil Nadu

Royal Botanic Gardens, Kew (unknown) \\\

Mt. Gedé, Java

Khandala, Maharashtra

Calicut, Kerala

Lockert Gap, Kerala
Dohini H1lls, Kerala
Mercara Downs,. Karnataka

Naduvattum, Niligri Hills, Tamil Nadu
Lamb's Rock, Coonoor, Nlllgrl Hills,
Tamil Nadu

University of Mysore, Manasagangotri (India)

Nalliambudi, Palghat, Kerala

Royal Botanic Gardens, Kew (Sri Lanka)
Horton Plains, Sri Lanka

z
'

Woodhouse, Niligri Hills, Tamil Nadu®
Dodabetta Peak, Niligri Hills

Beirim Shela, Pulney Hills, Tamil Nadu
Upper Vaguvarai, Kerala

!'& =+
“

Lamb's Rock, Coonoor, Tamil Nadu

Ottawa Research Station {(New Guinea)

62
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Table 1 continued ™

-

-8

Species

& * Locality

.E,.macroghzlla Garda.

I. maculata Wt.

cv., 'Miss Swiss' .

I. modesta W. & 4,

I. niamniamensis Gilg

L. niligrica Fisch.
‘1. onchidioides

1. oppositifolia L,

I. pandata Barnes

I. parasitica Bedd.

I. parviflora DC.

Nur Eliya, Sri Lanka

*

Attakatti to Valparai, Anamalai Hills,
Tamil Nadu .

Naterikal, Tamil Nadu . .
Andaparai Shola, Anamalai Hills, Tamil Nadu
Devicolam, Kerala

.Upper Vaguvarai, Kerala

Ottawa Research Station

Naduvattum, Niligri Hills, Tamil Nadu
Anamudi Peak, Kerala ’ .

Royal Botanic Gardens, Kew (Africa)
Pykarra Falls, Niligri Hills, Tamil Nadu

Fraser's Hill, Malaysia
Mt. Gedé&, Indonesia

Mahableswar, ﬁaharashtra

Anamudi Peak, Kerala
Hatchery, Rajmalai, Kerala

" Lockert Estate, Devicolam, Kerala

Hatchery, Rajmalai, Kerala
Anamudin Peak, Kerala

Staynor Park, Montreal (introduction)

ot .



Table 1 continued

- Species

Locality

I. RhoeniCeé Bedd.

. platypetala Lindl.
var. platypetala

var. nematoceras
(Miq.) Steen.

var. nivea Balkh.
ex Steen.

var. .aurantiaca

(Teysm. ex Kds.)
" Steen.

. pseudovicla Gilg
. pulcherrima- Dals.
I. pusilla Heyne

I. radicans Z. & M.

I. repens Moon

I. ridleyi Hk.f.

I. scabrida DC.

Bombay Shola, Pulney Hills, Tamil Nadu
Pambar Shola, Pulney Hills, Tamll Nadu
Rajmalai, Kerala

Mt. Gedé&, Java
Royal Botanic Gardens, Kew (Indone51a)

University of Ottawa (Indonesia)
Tjiboidas, Java

Royal Botanic Gardens, Kew (Celebes)

Royal Botanic Gardens, Kew (Affica)

I'ritzgerald Ghat, Maharashtra

Naduvattum, Niligri Hills, Tamil Nadu

Mt. Gedé, Java

Ottawa Research Station (Sri Lanka)
Royal Botanlcal Gardens, Kew

- Batu Caves, Selangor, Malay51a

Botanic Garden, Besangon, France(Himalayas)

TE



Table 1 continued

Species Locality
1. scabriuscula Heyne .  Doddabetta Peak, Niligri Hills, Tamil Nadu
 I. scapiflora-Heyne Jog Falls, Shimoga, Karnataka
var. scapifloera Abbe Talls, Mercara, Karnataka
) . ~Dhoni Forest, Kerala
Lockert Cap,-Kerala -
Tambracheri ‘Ghat, S. Wynaad, Kerala
var. pseudo—acaulis Bhask. - Frog Hill, Niligri Hills, Tamil Nadu
( = I. rivalis Wt.) . . o
I. schlecteri Warb. University of Ottawa (New Guinea)
I. sodeni Engl. & Warb. ex Engl. . Royal Botanic Gardens, Kew (Africa)
' Royal Botanic Gardens, Kew (Africa)
I. tangacheé Bedd. Munnar, Kerala
Umaiya Malai, Kerala
Sy
_X. taprobanica Hiern. Ramboda, Sri Lanka
I. tenella Heyne : Gudalar, Niligri Hills, Tamil Nadu
: ’ ' . Naduvattum, Niligri Hills, Tamil Nadu
I. tomentosa Heyne . Gién Morgan Estate, Nilipgri Hills,
- ) Tamil Nadu _
Base Station, Pulney Hills, Tamil Nadu
I. truncata Thw. ;" Elk Plains, Sri Lanka
!L. umbellata Heyne - Rajmala, Kerala < -
.. ) : 1
I. usambarensis Grey-Wilson : - Royal Botanic Gardens, Kew (Afriea) -

[42
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Table 1 continued

Species

Locatiod

T. viseida Wt.

I. viscosa Bedd.
1. walleriana Hk.f.

{single~flowered)
(do?ble—flbwered)

I. wrayii Hk.f. : Y

Pambar Sholé, Pulney Hills, Tamil Nadu
Silver Cascade, Pulney Hills, Tamil Nadu
Tiger Shola, Pulney Hills, Tamil Nadu

Tambracheri Ghat, Calicut Dt., Kerala

Cultivar, Atwater Market, Montreal

Cultivar, Sheridan's Nursery, Montreal

Perak, Malaysia

lIf(}ountri not indicated = India.

2 . . Lot
Region where taxon is nalive.

1A%
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- Figure 1

Maharashtm Assomatmn For The (ultivation of Seiencz

Law College Road, PCONA 4. (INDIA)
N.E R,

Mﬂ!';; Dmtkih(qu Coll, m;bmmhulamul
Name 'L h‘\-ﬁf%’-—t“:f w“tﬂ (SLC:.j‘* L\LMLL.\

Locality Nfuc\"voal'\'b,in N ! :.n‘ls D lmml b.;.u_lu. S. Indie

M Sa, Bus gted
Remarks r’)n Ivee "EV‘JA'\&F. \':‘: WE.*r J\Q_OLu -

F‘Su) ::r\}”.;u [Df(-’ L.\'d 32?..-1 '\U—‘JG“S—? ‘—‘f/“c’_ﬂ:rf’_dl

Shriniwas, Poona 2.

1 44 19
1105 * 1102108 1103 11081193

i
!
! [
!
I
I
!

Ld
-
-

Sample of page from notebook supplied by Dr. V. Vartak for field

'collecting data.
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discarded, then réwrapped.in wet newspapers which were not

allowed to dry out at any time. An individual collecting

trip never lasQed more than five day; to insure that thé

material would arrive at Ootacamund in good condition.

Once back at‘the Botanic' Garden, fresh cuttings were prepared .

to inéure that tissues were in prime conditicn. Thé

scgpé?%rous spegies weré scrubbed with a fine—g?ade child's .

toothbrush to loosen all roots and soil particles, and

rinsed. The Epiphyticae were propagated from stem cuttings.

Tags laballed wifh tﬁe collection number were fastqngd to

the stem ofTeaph cutting or, in the ease of the scapigerous

species to a petiole. The matgrial was dipped in the fungi-

cide "Bealate'" (1.0 g/1) and then into rooting hormone

("Seradix 1"). o - '

Agriéulture Canada had agreed to permit the introduction of

ithe live material as rooted cuttings or tubers on the

condition that the original roots were removed and thagjthe

plants be re-rooted in a sterile medium other than sterili;ed

- sphagnumlmoss. Two methods weFe;used:

a. Plastic basinS'weré purchased in the local market, and

. these were half-filled with half-strength Hoag%ahd's
. fHoagiand and‘Arnon, 1938) culture §olution in which

oné—quarter tablet of a commercial algacide (active
ingredients: monuron and é&mézine), sol& for aquaria
use; was added. Cuttings were inserted into -

"Rootrainers" purchased from Spencer-Lemaire Industries

Ltd. of Edmonton, Alberta (Book style "Fives' with a
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volume of 7 emd and a nominal size of 2.5 cm X 2.5 em
X 10 em), which were‘fheh"ﬁnserted'into the basin
(Fig. 7). The solution was éhangéd.gvery three.days.'
b. The Scapigeraé dbfe rooted byAén alternativh.feéhnique.
Plastic sQéeting was used to ling\the tray
portion of the "Rootrainers'" and these were filléd with
vermiculite brought from North America, since artifi-
cial rooting media are not available in India. The
tubars wére inserted, and the vermicﬁlite was kept
meist witﬁ half-sérength Ho;gland's solution. Inétially
there was a problem with algae, but the algacide was
_ found to be an effective deterrent to their growth.
Trhe cuttings of some species (e.g..l. henslowiana Arn.,
I. phoenicea Bedd.) rotted easily and could not be
rooted by the technique desci?ed in (a), and so were
rootéd by the second‘method. Since midday tempergtures
were relatibely high in the-greenhouse, the plastic
basins were kept covered with wet newspapers during the
hottest periods of the day. Material collected early
in the trip rooted_well'(the perennials generally having
less of a mortality rate than the .annuals as is to be .
eipected). Magerial colle;ted in the 1asf two weeks
did not have sufficient time to develop roots.
7. Since ﬁertain regions of India, including the Nilgri Hills in

which Ooctacamund is situated are infested with Golden

Nematode (Hetcrodera rostochiensis Wr. 1923), a phytosanitary

_inspection was carried out by the plant.pathologist at the



Figure 2

Preparation of Plant Material

For- Shipment to North America .

A. Staff of Government Botanic Garden,
Ootacamund, maintained plants for
author. -

B. Plants in rootrainers in pIastié
containers of Hoagland's nutrient
solution,'ﬁf, in case of species which .
are difficult to root, in vermiéﬁlite.
ﬁoxés in background were used for

shipment to. North America.

C. Mohamed Ismail (right) and Siraj wrap

rooted cuttings prior to shipment.
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State Potato Researéh Station (Oo;acamund), and when all

the material was found‘tp bexfree of infestation ;

certificate was issued. - ) o : '.'v

Material ﬁas prepa?éd for_tfanqurt as follows:

a."Plants were removed f;om the sterile me@ium, dipped

in ﬁBenlate", and inserted in a émall mound of
vermiculite which had been heaped on a sﬁuare of
cotton gqﬁze several layers ;hick (these wefé all
ﬁandgut ahJ folded from rolls of surgical gaﬁze since
individual squares were not available). The edges
of-the'ga;ze wére gathered éﬁJ“fastened with string
tied around the basé of the plané. The vermiculite
ball was then dipped in "Benlate", and laid on'neys;
papers to drain. (Fig. 2).

The plants were packed‘inlthe "rootrainers' a#d the

Prootfainers" were stacked in heaﬁy waxed cartons.( 60 cm

X 45 cm X 41 cm) of commercial nursery stock ;hich were

prOﬁ}ded by J.D. Carrigre Greeﬁhouses, Baie d'Urfé, Québec.

The cartons had been lined with 0.6 cm styrofoam sﬂeeté to

minimizeApe;peratu?e fluctuations during transport. Since

the nearest airpert to Ootacamund is at Bangalore, an eight

hour trip by local bus was necessitated. (There is én air

terminal at Coimbatore which is three hours by bﬁs from

Qotacamund but it is only serviced by the Ihdian Airlines

Aerobus whose luggage compartment doors are teoo narfow for

containers the size of the cartoms.). It was feared that the

luggage rack of the bus might prove tbo hot for the plants




 air dfy overﬁighf;

10,

11.
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so ice was procured, wrapped in blastic garbage bags and
added to the space“between the stacked trays and the carton
flaps. This proved an unwise decisionﬁbgcause enroute the

fce melted and drenched the plants, hastening rot. The

. trays had to be removed on arrival and the plants left to

’
]

A general phytosanitary inspéction was carried'oqt at Pune
by the staff of the Maharashtfa Plant Quarantine Qffice and
a certificape issued.

The materiai was then brought to Montreal and immediatgly

taken to the Ottawa Research Station of the Central Experi-

mental Farm where it was unpacked and placed in propagating

benches. It was then maiﬁgained by Dr. J. Simmond .and his

staff in the Ornaméntals Section until it was sufficiently

’

established to be brdught to Macdonald College. The

Scapigerae were maintained in Petri dishes filled with

moist perlite which provided a more mechanically stable

substrate than vérmiCulite. The tubers were checked daily

“and rotten ones (less than 107) were discarded. When good

root and shoot development was observed, the plants were
transferred to a peat-loam—sand,(3:2:1)'mixturg which
was thought. to apgroximate their natural substrate. No

exact figures were kept .as to how many plants survived

' X
transport and were successfully propagaged, but we have

estimated that the figure was about 757 (by comparisen, the

" U.S.D.A. - Longwood Foundation Expedition to Papuasia had a

.survival rate of less than 507%; Winters, 1973). Since in

’

;
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‘moét instances g number of plants from several populations

of the same species were collected, in most cases this did

not represent significant losses, except for two ggeciés,

 £} EhoeniceaIBedd. and I, umbellata Heyne, where there‘were.
s ‘ —_— .

" no survivors. Another species, I. maculata Wt. has not

bloomed so far.
following modification of procedures would hndoubtedly
even higher survival rate:

The use of "plant-a—plug“ containers produced by Plant-a-Plug

" Systems (Crossgtt, Arkansas) for storing and transporting

plants while doing field work. A certain number of plants ~

" rotted even when wrapped in wet-newspapers. Others were

injufed in the péripd between collection in the field and
storage in wooden crates (for subsequent transport to
Qotacamund)., Local buses which are usually the onlyA
@edhanized means of transportation in rural Iundia afe,
unbelievably'crowded.‘ The ﬁhck would protect the plants
from jostling by passengefs. ’ .

The application of "Benlate" on the evening following
collectién despite thé inconvenience of carrying a container

for the solution. Even more important is the use of an .

antibioéic in addition to a fungicide. The major damage

to planﬁs‘was épparently due to bagteria. The plant
pathologists af the M.A.C.S. guggested that the,suppréssion
of fungi was a stimulus to increased bacterial activity. At

. y
their suggesfion, the plants were dipped in a solution

containing tetracyiine (10 mg/1).

41
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The addition of insolation baﬁting between the ::}Fonsides

and the inner styrofoam sheets in the containers used for

air transport. Thé numerous assurances by the staff of

British Overseas Airways that temperatures in the*hold do

not fall below freezing'were belied‘by the unhealthy vivid
éreen color and icy feel of the plants when they were opened

for quarantine inspection in Montreal. Some of the perennial

South Indian Impatiens species. endure a brief period of

freezihg temperatures (in mid-December), but others are

Testricted to localities or times of the year in which
o

temperatuvres are much higher (di.e, about 13 C}._

Packing tubars and éuttings individually. To conserve space,

several tubers or cuttings were wrapped together., If one

- began to rot, it was necessary to unwrap the packet, discard

the rotten specimen, and clean the others to which in some

cases microorganisms had already spread.

III. Greenhouse Material

- _ The plantg collected in India together with some.sp3¢igsﬁﬁﬁich

o A

were germinated from seed have been retained for observation and study.,

l’

The following maintcnance program is carried out: . _ !

All plantsAare-repotte&-twice annually.in a mixture of equal -
parts péatéléam—sand in which théy'do better than iniaﬁe which
approfimates their natural substraﬁes high in organic matter.
Ferpilization is carried out every two weeks, using 20-20-20
(a solubie_fertilizer containing N,P,K,.chelated trace eclements

and sequestered nutrients) or "Liquid Seaweed" (a non-toxic

-
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organic fergilizer).
3. Pruning is done every three months. ' -
4, During thé summer, the plants are shaded with témporérﬁ
screens,
Despi;e the effort in maintaining this collection, it‘has
proved invaluable in providing numa?ous insights gnto the fruit,
flower, and vegetative gharacters as well as ecological,.?henological,
and reproductive phenomena which one can never observe :: herbariﬁm

“ . )
specimens.

IV. Taxonomic Literature

It was realized that a major problem with all studies on the
Balsaﬁinaceae has been their limited scope as compared to the full

range of variation found in the family. This has often led to

A
1 .

.<erroneous conclusions in the light of later research. For this .
reason an effort was made to Sbtain and study as many Féxonomie

works dealing with Ba%samfnaceae as possible, The most valuable of
these were Agnew (1974}, Backer and van den Brink (l§63),_ﬁaker (187?),;
Barnes (1938, 1939; 1944), %eddome (1859, 1874), Bhaskar, (1975),
Blatter‘(l933), Comber (1934), Cooke (1901), De Candolle (1824), Don
(1831), Fernando 61954), Fischer (1930), Fyson (1915, 1932), Gaﬁble
(1915), &ilg (1909), Grey-Wilson (1980g), Handel-Mazzetti (1933);
Hooker (1868; 1874—75; 1904—065 1908b; 1909a,b,c; 19IOa,b; 1911a,b,c),
Hooker and Thomson (1859), Hutchinson and'Déliiel'(iQZ?),_Huynh |
(1968a,b), Mathew (1962), Moore (1972), Nairne (1894), Ohwi (1965),
Perrier (1933), Ridley (1922), Riley (1963), Rydberg (1910), Santapau

(1961, 1967), Schulze (1944), Sebastine_(lQGO), Sebastine and

——

[ E S A
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Vivekanathan'(1967); Shetty and Vivekanathan (1971), Shimizu (1970);
Trimen and Hooker (1895),%Warburg (1897), Warburg and ﬁeiche (1895),
raﬁd Wight and Arnott (1834). Others are cited.in‘references to |
sﬁecific peints in later sections. 0f at least équal iﬁportance,
were illustratiohs of specific species which were obtained and
studied; - the richesf sources are Hooker (1907, 1908a, 1910c) and
Grey-Wilson (1980g). 'Thg complete 1i$t of illustrations is too-

~extensive to list but is given in Index Londinensis (Stapf, 1929) and

Worsdell (1941).
Other techniques used in the study of specific problems are

detailed in the appropriate sections.
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APPENDIX 1

Photographs of some herbarium specimens
examined at MH. .Species are grouped
according to classification of Hooker

(1874-75; 1904-06) .
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SECTION \S%IGER.AE

(Species described after the publication of the Epitome).
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Ifnpatiens latifolia L.
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Impatiens cordata Wt.
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Impatiens disotis Hk.f.
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Impatiens grandis Heyne
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Impatiens tangacﬁee Bedd.
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APPENDIX 2

Photographs of living plants cellected in

South India. Species arranged in Sections-

following classification of Hooker (;874—75;
1904-06) . h

Voucher specimensgfor the planfs used in these

studies will be deposited at MIMG with duplicates

ap MT and MH.
\ E
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SECTION SCAPIGERAE

I. acaulis Arn. at Materan, a hill station in Maharshtra.

This species grows on rocks in seasonal waterfalls.

I. levingei Hk.f. and I, Elavicornu Turcz. in the

greenhouse at Macdonald College. I. levingei is

known from only one locality in the Niligri Hills.

I. modastz Wt. at Naduvattum in the Niligri Hills.

I. niligiricz Fisch. at Pykarra, a new lotality for
I. niligirica yk ,

this species,

78
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Fig. 4.

L
L

I. niligrica Fisch.
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SECTION EPTPHYTICAE

Fig. 1. Impatiens parasitica Bedd.

‘Grown from cuttings of plants collected.at
Lockert Gap, Devicolam, Travancore, High

Range, Kéra}a.
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SECTION ANNUAE °

1, I. daizellii Hk.f. & T. growﬁ from . '
. seed collected at Mahableéhwar, a
hill station in Maharashtra..

o+

2.. 1..garéneriana Wt. grown from seed . °
- — , ' _
collectad in Calicut Dt,, Kerzla,.

3. 1. pusilla Heyne growing at Pykarra in

_ the Nilgri hills of Tamil Nadu.
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.Fig. 3. 1I. pusilla Heyne
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SECTION ANNUAE C

I

ont'd. .

\

-+

L. tenglla Heyne at Frog HilL in the

Nilgris.

I. tomentosa Heyne growing at the Glen

Morgan Tea Bstate (Nilgri Hills).
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i SECTION MICROSEPALAE.
h ] " . '
. -
. ) ' ,
1. I, balsamiﬁa L. (wild typé) grown from
sezd collected at Khandala, a hill:
) ' . Y B
& station in Maharashtra. Y

2; I. cuspidata W.&A.at ﬁamB;s Rock ,Coonoor

(the Nilgris, Tamil Nadu)..
1.‘ . (

.

3. 1. flaccida Arn., a Ceylonese species, .is

’ (v}

frequently cultivated in southern Asia. |

P
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Fig, 2. I, cuspidata W.AA.
X N

Fig. 3. I, flaccida Arn.
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SECTION MICROSEPALAE CONT'D.

>

4, = 5. I, leschendultii Wail;, grown
from seed collected betﬁeén
Pykarra and Naduvattum (the.
Niigtis, Tamil Nadu).

Fig. 4 Front view. Fig..53

-Side view, -
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7. L. repens Moon is a'native of Sri Lanka.

L3

I. pulcherrima Dalz, grown from seed

‘collected at Mahalbleshwar , ‘Mahar_;ashtra.
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1.

1. campanulata Wt. grown from cuttings' ,

- ‘. -
' &
]
]
- . .-
' .
) .
L}
LY

collected at Tiger Shola (Pulney Hills,

Tamil Nadu).

1. cordata Wt, growing in a roadside ditch

r

at Rajmalai in the Travancore High Range.

-~

/.
’

o ,
I. elegans Bedd. from Sholiyar Dam in the

Anamalai Hills of 'Tamil Nadu.
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‘Fig. 2. 1. cordata Wt.

Fig. 3. 1. elecgans Bedd.
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 SECTION SUBUMBELLATAE CONT'D ’

-

4> 1. fruticosa DC, from Lamb's Rock, Coomoor.

rd

5. 1. ggughii Wt. grown from seed collected in
the Pulney Hills of Tamilgladu. The plant
- is, a tetraploid (2n = 40), the first such

-

report'for‘fhis species.
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Fig. 4. 1. fruticosa DC. ' . L
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6. 1. hookeriana Arn. grown from cuttings

collected at Sim's Park, Coonoor (the

Nilgri Hills, Tamil Nadu).

1

’ .

7. 1. viscida Wt. growing on wet rocks in the-
Pagbar River in the Pulney Hillé-(Tamil

Nadu) . .

-
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SUBUMBELLATAE Cont'd.

Fig, 6.

I. hookeriana Arn,

Tig. 7. I. viscida Wt.

{

98

R e S

.



=

{

SECTION RACEMOSAE .

:I. maculata Wt. collected in the Anmalais

("Elephant Hiils") of Tami Nadu at an

élevation of about 1,200 m.

-

I. phoenicea Bedd.  growing in a shola along 4

the Pambar River (Pulney Hills, Tamil Nadu)
at approximatel&yZ,SOQ'm.

I. tangachee Beddf Ethe specific epithet o
means "sister" in Tamil) grown from r
chtings collected in the Travancore High
Range. This species is.semi-équatic in its

na:ural'habitat.

99
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Fig. 1.

1. maculata Wt.

RACEMOSAE

w 5;

" Fig. 2. L.

phoénica Bedd.
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&%. SELECTED FLORAL CHARACTERS

INTRODUCTION - °

The flower in ImBatiehs.presents a series of complex problems

A

in’ terms of its structure. The flower is highly zygomorphic which

L]

has made interpretation of ifs homologies difficult, .Hooker“

(Huxley, 1918) despaired at érriving_at a functional interpretation of -

" the structural variations which he observed. cently, the application

f . LY
- .

of the principless of pollination biology to the taxonomy of the genus.’
(Grey~Wilson, 198q5) indicates that a more workable taxonomy, based

on evolutionary lines, can be developed.

'] : v - . +

TERMS USED IN DESCRIBING THE PERTANTH OF IMPATIENS . é{

In the mature chasmogamous flower of most Impatiens specips-four
types of perianth segments are evident. As one moves up the flotal

axis, one observes:

-1:_'Senals: There are usually two, but occasioaally four; these are

imbricate, foliaceous, and usually small. 1If four are present, the

odﬁer ones are generally larger than the inner ones (Fig. 1).

2. Pouch: This is interpreted as a sepal which has become elaborated

into a gibbose structure, which is usually petaloid and terminates in

v

a spur containing nectariferous tissue.

3. 0dd petal: This petal is not fused to the other petals and lies
' . * =

be%ow'them on the floral axis; there is a marked abaxial ridge which
is frquenflj chlorophyllous.

4 *

Lo i edind



Figure 1
FLOWER PARTS 'IN IMPATIENS

I. hawkeri Bull, front and back view

{(Note costa).

+ L ,

I. parasitica Bedd., fromt and side view -

<
1]

odd petal = vexillum
vp = vexillar petal

ap = antivexillar petal
1s = lateral sepals

as pouch = antivexillar sepal

ag = cap of fused stamens over

gyncecium

.
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4., Fused petals: If one examines the venationy 1t is quite clear

that there are four remzining petals, but as Yap/gs is known these are
A

afhayé at 1eas£ pairwise connate, forming two wings.-’Each éetal'
witﬁrn a wing may belfurther e%aboreted into Lobes.

Despite'the apparently etraightforwerdvscheme Eresented here,
the taxonomic iiterature is replete with confusion and 1naccuracy
with respect to the floral morphology of ImEatiens. In the first

. place, in all epecies, the pedicel rwisgs through 180° causing the
flower .to resupinate during ontogeny. Some authors have described

.the flower before aﬁ&.others after resupination. For ample

demonstration of this point compare Henfrey(iSGO), Beddome (1874),

Warburg and Reiche (1895), Gamble (1915) and Bernes (1939). Hooker

and Thomson (1859) even reversed themseives in mid-treatment. |

In ghe second place, because the perianth in many Impatiens
is highly zygomorphic, the terms "sepal' and "petal" are insufficient

to adequately describe the flower., A variety of terms have been used
by different authors (Table 1}, but‘none have gained universel accept-
ance. Ifnoring Warburg and Reiche's system which is’extremely aekward,
there'are'two general phrlosophies;as.to terminology. One is &5 use
orientational terms such as "lateral" "dorsal" and "posterier". The
other is to use functional terminology such as is feund in Hooker's

scheme. Recently, it has been argued {Bhaskar, 1975; Grey Wélson,' >

1980g) that orientational terms present no problem if one’ a%ways uses

them with respect to the mature, resupinated flower. In the first place,

“this.is not borne out by the facts: even in the publications on Impatiens
by these two authors, orientational terms have.been reversed. Secondly,

there is the tendency when using orientational terms to parenthetically



CTable 1

Terminology for perianth segments in Impatiens

[:)

o Author
1 : 2 - g
Hk. £3 Warburg and Rydberg Grey-Wilson -
(1874-75) . Reiche ' (1910) . - (1980g)
Unit ~ (1904-06) (1895) :
sepals sepals lateral sepals . lateral sepals )
e )
lip - . - lip posterior/ lower sepal.
., saccate sepal.
vexillum- p2 dorsal petal dorsal petal
** {standard) ' .
- o ) lateral ‘lobe p4,p5 lateral petal upper petal 7
@ @ ( lae ' : lateral ' tr
. {ngs) posterior united ’ f '
. . terminal lobe pl,p3 petal - petals|lower petal -
E— : NS

'kollowed by Bhagkar .(1975).

2Followed by North American taxonomists.

L0T
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add "by resupination" (Bhaskar, 1975; Grey-Wilson, i977,‘1§80g5,
which suggests a certain lack of clarity in such a system. Finally?
there is one issue which no author senns to have nOnsidered. Is it
not somewhat,short;sighted,to prnnos terminology which is only to -
be used in the "later stages qf florp} ontogencsis? This may be a
‘perféctly adequaté solution fot the [herbarium taxonomiqts, bnt
undoubtedly a frustrating one for the morphologist or anatomist.
Obviously, orientational terms are not suited to developmental

-

studies of Impatigns, and would lead to utter confusion as the

flower-rotates,.and what was dorsal becomes ventral,
It would appear then that a systen based on functional terms
would be more satisfactory in designating the perianth segments in
ImEatiens. We havz the basi's for snch a scheme in Hooker's
/ﬁermlnology in which he employed terms already in use for the
Leguminosae and Orctldaceae (Hooker and Thomson, 1859) " This
system was followad by Bhaskar (1975) in his taxonomic revision of
the South Indian Impatiens, but rejected by Grey-Wilson' (1977, 1980g)
because of his very understandable objection to Hooker's use of the
terms "1ip" and "lobe'. The odd or saccate sepal of Impatiens és
nener a "lip" on "labellum", that is a landing platform. This role
* is carried out by the alae, and Grey-Wilson (1980g) has stressed the
importance of the lgggz_pctals of the wings as a labellum It is
undoubtedfy true that in the melittophilous and in some highly
zygomorPhib.psychophiléus and phalaenophilous Impatiens species only
the lower petals are involved in this function. . On the other hand,

it is extremely difficult to'believe that in those lepidoptera-

pnllinated spezies with fairly regular corollas (e.g. the I.

walleriana aggregate, I. henslowiana Arn; and I. hawkeri sensu lato),



it is not the alae taken as a whole which serve as a labellum. Thus
- ) .~ N . ..
it appears injudicious to use the term "1lip" or its variants with

.. respect to any cqrollar'gggment of Img;ticns except in the.context

- of an individual species. Furthermore, to refer to each éetal of a
wing as a "lobe" (as was done b; Hooker) can only legd to further —
confusién since cach petal may Sc subdivided intd lobes (Fig.‘l);

On the other hand, Hooker's "wvexillum" or "sEanaard" seems preferable;
to Grey—Wi;son's "dorsal petal (by resupination)”. The following
terminology is therefore proposed, and will be u;ed throughout the

remainder of this work:

k)

1. Lateral sepals: for the one or two pairs of imbricate sepéls.
. s

2. Antivexillar sdpal:. for thé odd:sepal which is usually gibbous .

and often termirates in a spﬁr. It will be further described by

the adjectivaes "navicular", "saccate” or "bucciniform" (Grey-Wilson,

' /

1980g).

3. Vexillum: for the odd petal with a narrow crest (which will be

termed the costa) on one surface; the vexillum may be flattish or

cucullaﬁe.

4. Alae (singular Ala): for the unined.petals or wings. These are

divided into two parts: a vexillar petﬁl-which lies nearer to '
the véxillum and an antivexillar petal which lies further from the.

vexillum. "Lobes" refers to an elaboration within a'petal. It should

be noted that the "alae" in Impatiens are not strictly homologous to .

those found in the Leguminosae becausc in the latter each wing

consists of one, not two, petals.



INTERPRETATIONQ OF THE FLORAL PARTS IN IMPATIENS ' ) '

Literature C.

: _ "t is generally believed that the‘flower of Impatiens is

.

' basically pentamerous. As a result of fusion, resupination and

diversification, the flower now has become zygomorphic, and as a.

conséquence, there have been several interpretations of the perianth

segments: .

1. All authors have interpreted the gibbose structure opposite
' . i

Y

the vexillum (which I term thé antivexillér sepal) as a
medified sepal. Bhaskar (19753) has argued that the occasion-

al presence of 3-spurred teratoid flowers in 1. balsamipa L.,
in which all the sepals are apparently gibbose and spurred,

? ‘ ' Vo
is incontrcversiai>proof of the validity of this hypothesis®

2. Knuth (cited in Henfrey,1860) is said to have proposed -that

the vexillum arose through the fusion of two lateral sepals

which would explain the presence of only two of these in ’

\

the modern Impatiens flower,
3. Hooker and Thomson (1859) pointed out that there are in fact '
some Impatiens species which have four lateral sepals. They

credited Edgeworth with first having observed this feature in

the Himaléyan species, 1. amplexicaulis Edgew. Hooker and

Th&hson reported also finding four lateral 'sepals in '.-
I. longipes Hk.f.&‘T., I. urticifolia Fall.,-and E} argdta
Hk.f.& T. Consequently, they argued, the vexillum is merely
a mOd?ficd'petal, and that the two_missing sehals are simbly
suppressed in most Impatiens species.

3
4., This latter hypothesis gained support from a study of floral

-
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develop%ept,in'£$ glandulifera Royle by nger (1857), who

feported.observing the rudimentg of ‘the tw; missing petals.
5. Grey-wilson {1980£f) argued that it .is thé anticous (that is

vexillar) pair that has been lost in the course of evolution

. after he examined the vascularization in I. glandulifera

Royle.

OBSERVATIONS

Five-sepaled Species

After reviewing a large body of literature on Imga;iens, I have
come.to the conclusion that the nature of the floral corgans is very
-'imﬁeffectly unﬂe&stood. With‘respect to so=called sepals three
chéfacter states occur in the genus:.

2

1. Five sepals always present (four lateral and one‘antivexillar).
i 2. Three sepals élwa&é pre;ept (two lateral and one aﬁt;vexillar),
3. Sometimes three sepals (two lateral and one aqtivexiliar),
other éimes five (four lateral®and one gntivexillar); .
Speciés which have been reported as.haﬁing four lateral sepals are
. enumerated in Table 2; hote that in some of these, which have been
{ndicated by an ascérisk, one pair of sepals may be either present
or absent even on different flowers of the same plant (e.g. t@e
Chinese sﬁecies I. lasiophyton Hk.f.). )
Contrary to previous authors (Bhaskar, 1975; Grey«Wilsoﬁ,-lQSOg)
the five-sepaled condition is by no means rare since it is reported
to occur in at least 102 spgcies of Impatiens although these form a

small percentage of the balsam flora In all regions except China,

Five~sepaled species have not been reported in any Malagasy, Ceylonese,

-



Table 2 .

Imgatiens'species having five sepals

.

Region

Species

Af;ican

W. Himalayan

E. Himalayan

. fischeriL'

H
“
|+

2. 1I. flanag%mae2

3. I. pohilii’
4. I. xothii’

’

tinctoria5

wn
L]
|~

ggadrisepala6

o
L]
|

3
teitaenus

~
-
|~
L ]

.7amp1exicaulis

|_|
|H

Y-

*2, glandulifera

e~
-*

¥3., 1 scabrida9

[
.
|-

10
. arguta

drepanophyllaA

N

-
i

.

(9% ]
-
IR
.

;és!iEEEéll

-

-
IH

leptoceras

*
(n
- -
i
L ]

longipes™’

mishmien5154

. ﬁummularifolia4

~
=, A

- 8. __]';..scitula4

9. I. sulcata'

Table cont'd.
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Species

10.

Table cont'd.

Region
- - N
E. Himalayan (cont'd.) 10. I, trichocladon[4
11. 1I. urticifolia1
Burmese® 1. 1. argutalo
| .. 12
2. 1I. chimiliensis
* 3. 1I. dreggnophylla4
4. I. gibbisegalaa '
v . ) ) 11
\ 3. I. laevigata
6. I. manipurensisk'
' 'i; I. micromeris
‘8. i, odonﬁbsepala4
9. 1. rubrolineata4
10. - I. wattii
R \ . 13 !
Thai~-Malaysian ,1l. I. calcicola’;
2, 1. claviger4
3. 1IL. crxgtoneura4
4, T damrongiil4
'; - -f.l
2. I harmandii4
. 14
6. I. jurpiodes
7. IL. jurigals’d
8. I. longiloba13
9. 1. macroscgalaa
mirab11154
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Table 2 Cont'd.

Region ’ _ * Species

. 13
opinata

[t

Thai-Malaysian (cont'd.) 11.
12, 1. ga’rishii4
13, I ridleyi

' 14, 1. sccrtechinii4

15, 1. tiEusensisl6

Indochinese 1. I. balsénae4

2, 1. claviger4

w
=

. harmandii4
. ' 4
- 4., 1. musyana

5.'.1, pygm qga

-

Philippine ' , . 1. 1. burkei4

. abbatis4 - “ e

I

Chinese 1.

. barbata12

(X
L]
|

gasterocheilaa

w
»
|

4, 1. holocentra17

- B I, hong‘kongensis3

*. 1. lasionhzton4

leveillei4

“~t
-
=
L

.. 17,e
taronensis

o™

e
1=

.

* ' .
Number of lateral sepals variable (2/4).

Table cont'd.
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2Pgolus

3Grey-—Wilson

4

5

6

1i5
Table 2 Cont'd. '

10

lauth'ority = Harba,. . YHk.f. & T.

Hk.f.

A. Rich

15

R. Wilczek & G.M. Schulze Hamil ex Hk.f.

- " 16

7Edgew. ' ‘ : 7 Hénders. ‘ ’

8

9

Royle . o 17Hand.-Mzt.

DC.

%Hooker (1874-75; 1904-06) does not give the number of sepals; Warburg

b

and Reiche (1895) state there are four sepals,

This species occurs in both eastern and western Himalays, but 4—sepaled
plants only in Sikkim (Hooker, 1974-75). '

L]

“Hooker (1904-06) lists five 4~sepaled specicghoccuring in the Burmese
region, Hooker (130%2) tabulates seven 4-sepaled Burmese species, T
suspect that the discrepency is due to am omission in the Epitome

-(although the pagination is consecutive). This suggests that there is

d

a missing page which includes descriptions of two newespecies with four

" sepals which were included in the later tabulation (Hooker, 190%9a), but

wvere not described elsewhere (having checked Index Kewensis supplements).
Perhaps the missing species can be identified by examining Hooker's
notés. Of the remaining five species, four are flrst described in Hooker
(1910a) and one in Comber (1934). -

Hooker (1904-06) gives the number of sepals in I. juripa as two,
Shimizu (1970) as four. It remains to be ascertained whether plants
of I. juripa indeed have. faur sepals or whether they vary between two
and four,

®The total number of 4-sepaled species in China is about 50 (Hooker,

1910b), but the present author does not have a complete description for
all the Chinese Impatiens.



’

. ! 116

or Deccan taxa. . No evidence was found that any of these specieé\

‘are particularly primitive. Two are tetraploids,

*

I. mirabilis Hk.f. and I. ridleyi Hk:f., both of which are reported

‘to have n = 17. I believe that I. mirabilis is related to the Deccan

species in the section Epiphyticae, none of which have the five-sep- .

aled condition.

As far as I have bgen'able to ascertainthe five-sepaled state
tends to occur in‘clusters of closely related taxa, but these clusters
are taxonomically and geographically isolated from gaéh other whiqﬁ
suggests that the five-sepaled condition has ariseq repeatedly'in
unrelated groups of Impatiens. The allies of this group (the African

I. stuhlmanni zggregate and the Malagasy I. longipedunculata aggregate)

include onl} three—-sepaled species. Another group of five-sepaled

species is the Southeast Asian complex, including I, harmandii Hk.f.,

1. balansae Hk.f., I. musyana Hk.f. and ;; pygmea HK.f., which is not

\
+ P
related to I, tiactoria and its allies. A few species such as o
. tinctorla . : ¢

' l.‘guadriségala R. Wilczek & G.M. Schulze, I. teitaenus Grey-Wilson,

I. mirabilis Hk.f. and I. burkei Hk.f. do not .have aﬁ& close rela-
tives with five sepals.

Observations on bud development in species maintained in the

greenhouse.suggested an alternative interpretation of the five-sepaled

condition in Impatiens. It was noted that in all species with only

one pair of lateral sepals, the sepals open early in develdpment

-

long béfore the spur is fully developed. In contsast, in
1. flanaganae _-‘Hrcmsl.‘ the only five-sepaled species in which I have
had the .opportunity to follow bud ontonogenesis, the ocuter pair

(the drawihg in Grey-Wilson, 1980g shows the two pairs as lying side

&



by side, but this was not the case ih the'matgrial pbtained'from

——

Kew) opens as described above, but :he inner pair remains appressed
‘ . -

'to the bud almost until the ti@e.when the bud opens.' Moreover, this
inner pair is, as in{almost all five-sepaled Impaticns species, much
smallerlagd more membranous than the outer pair (Fig. 2). In faét;
:it was observed that the outer pair is very similar in size, -
appearance-and'texfure to the subtendi;g bract. A comparison of

- i ]
bréc;s and sepals ih a number of species, revealed a grea; similarity
between these tw> organs, and showed that in many cases tﬁey-undergo
paraliel varilation. To give just one example, in the Sectioq .
Epiphyticae, I. zarasitica Bedd. Has minutd linear bracts, while those
of I. coelotropis Fisch. are large and ovate. ' Furthermore, it was
_found that in teratoid flowers of I. balsamina L., a gibbbse.and
épurred structurzs cccasionally replaces the norm;lly minute subtending
“bract, a phenomerncn ﬁreﬁiously;reportp@ﬁbx Simon (1975). 1t may be

’

that the sbgg;iled outer sepals\are in fact bracts, and that in most
common: types of imgatiens‘flgwqﬁ,féhete are no laterai gepals at all.
‘Obviously, this préblem on;y can be resdlved following a thorough
study of a number of épecies, but the presence of bracts apparently
at the midpoint rather than the base of the pedicel in I. cristata
Wall., I, scabridarDC., I, glauca Hk.f., ;: serrata Benth., I.
serrulata Hk.f. and their Eastefn Himaléyaﬁ and Burmese allies, as
well as the apparently-congésted inflorescenCES of the African

_I. stuhlmanni aggregate,ail indicate that inflorescence structure in*
Impatiens is in need Jf serious reevaluation, especially since none

of the five-sepaled species are associated with sclitary inflor-

escences.

Tor
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Figure 2

Some variations in sepals found in Impatiens

A, I. verrucifer Hk.f. VSépals large, ovate and
apiculate.
B. I. aﬁngeuensis Hk.f. Sepals large, ovate and
. .crassulate,
c. I. ukagﬁrensis'crey-Wilson. Sepals minute and
' pubescenﬁ.

D. I. indo-chinensis Hk.f, Sepals minute and

'cuspidate.

r

E. _L.-grandisepaia Grey-Wilsdn. Sepals very large and

: ' membranous.
F. I. claviger Hk.f. 1. Quter ‘pair. 2. Innér\pair.

G. ;; balansae Hk.f. 1. Outer pair. 2. Inner pair.

.
C and E from Grey-Wilson (1980g); Others from Hooker
(1908).

et s
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Three-~spurred flowers: Seeds of I. balsamina L. var. azaleiflora
- : . - —— ———————

~obtained frmnPodha'sSeed Farm (Pune, Maharashtra) showed a strong
‘tendency to produce floWgﬁs~yith multiple‘gpurs.l These were examined
and ic‘was found that, at least in thi;\;a;zicular line, "the addi-
tional spurred sepalé.are not the result of a simple transformation
of .lateral sepals into gibbose and spurred ones. In the normal
condition,lthere‘are three solitary flowers produceé in each leaf
axil, and the pédicel of each is subténded by a migute bract,
Generally, when multi-spurred flowers are produced, there is a reduc-
tion in the'ﬁumber of.fiowers prqduced in that-axil equal to the
number of supernuﬁerary spurs. That is, an axil in which there is a
threesspurred flower has only one flower; while an axil with a two-
spurred flower has in.addigion one single-spupred flower. If omne
examines these'multi—spu;red flowers carefully, one then diséovers
that the périaﬁth_parts‘have also doubled or trebled. Although only
one androecium an& gynoecium develop normally, thefe‘are small
petaloid structures which undoubtedly represent ;he supe;numerary
réprod?ctive organs since vestigal anther s;cs.can be observedl
Although the small lateral sepals are usually absent in Eheée teratoid *
flowers, they are occasionally present which suégests that they
reaily fail to dévelop because of the extreme crowding of segments
along the floral axis. The multi—spurred flowers, at least in this
species, are the result of fusion during ontogenesis and do not

constitute evidence that the spurred, gibbose structure in Impatiens '

evolved from a sepal.

Vestigal lateral sepals: From Table 2 it is evident that

-

1. glandulifera Royle cannot be used as the sole basis for inter-
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preting the calyx in Impatiensg because it has at times two sepalé,:
at other times, four: Consequently, iL is not clear that fhe rudi-
mentary protuberances and vascular traces reported by Payer (1857)

’

and-Grey-Wiléon f1980f) respectively, are truly indicative of the

primitive condition. This is particularly true since the second

authpr earlier (1977) reported finding no evidence of vascular

traces in I. walleriana Hk.f., a species which always has two sepals

and, moreover, a much more primitive flower than doés.g. glandulifera,

Obviously, the sepals must be reexamined systematically using ’

. species in each of the three cdtegories'which I have distinguished

earlier. )

*

An alternative hypothesisﬂfor origin of the vexillum: Although

Knuth's in;erpretation of the vexillum as the.product of‘two sepals
was rejectéd by all late:‘authors; there is.no convincing proof to
substantiate the alternative suggéstion. Consequently,‘the problem
shoulﬁ not belconsidered resolvéd. In examining nﬁmerous ffeéh
flowers, I made the following‘observations:

1. The vexillum lies midway between the alae and the latéral
‘sepals.

2. In all species, there_;s a- costa at the midline on the
abaxial surface of the vexillum, which is usﬁally
chlorophyllous, and the greénisﬁ,célor extends ouﬁward from
the costa to form an ovoid regidn (Fig. 1). This feature'
is not readily-seen in herbarium specimens, and is obscuré
in ffesh material of some highly zygomorphic groups
(including 1. glanduliféra Royle), but it is very promineqt

in manyltropical taxa, especially those with relatively



actinomorphic flowers.

3. In many species, incLudinélL. feEens'Mbon.gnd I. platypetala
Lindl., the apices of Ehe lateral sepals are distinectly

- pigmented, presumably due to a concentration of énthocyanins.

In these species, there;ig an identical pigment spot on the
carina of the antivexillar sepal (which undoubtedly is
homologous to the-apex of a sepal),_and again at the apex
of the ve#illar costa. This suggests that the vexillum may
be a compound structure resulting from the fusion of the twol
missing lateral sepals with each otherﬂélong their inﬁer
margins and which_then fused with gpe of the petals. As will
be séen in the final chapter, fusion of lateral sepals
(in this case the antivexillar pair) has occured in at least
one group of Impatiens. Hopefully, studies on early floral

development will reveal the true nature of the vexillum.

FLOWER-POLLINATOR RELATIONSHIPS

Introduction

Pollination biology playg an important role i&‘systematic botany
for two reasons, ‘In the first place, differences in poilinators may
serve as an isolatinglmeéha:;;m between closely related taxa.
Sécondly, as Radford et al. (19?4) ha;e ﬁointed out, different types
of pollination mechanisms tend to select-for different groups'bf
taxonomic characters., Consequently, in anemophilqusQCWind pollinated)
groups such as Quercus tbe species are distinguished on the basis of

fruit, leaf and bark characters. On the other hand, in entomophilous

(insect pollinated) groups, of which the Orchidaceae is a classical’

A

t
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example, there has been enormous diversification and elaboration in
floral structure, and ;t is tge.ﬁlowers rather than thé vegetative
organs which provide the taxono;lst with a wealth of characters
forldistinguishing and classig;ing'taxa.

Many Impatiens species produce two types of flowers; a showy
chasmogam and an inconspicuous cleistogaq: The great elaboration of
flo}al organs, including nectaries,;&he diversity of flower colors.
and pigments (Bohm and Towers, 1962; ’Clevenger, 1971) together with
the highly scul;tured pollen (Huygh, l968a,b), all point to Impatiens
as an entomophilous growp in which pollination biology has piayed
a major evolutionary role.. ' *_‘ﬂﬂﬁ"-df~‘v

L\

Pollinators

Pollinators of Impatiens have not been extensively studied, but
it is reported (Tnblc 3} that polllnatlon by butterflles (psychophily),
moths (phalaenophilv), bees (mellltophlly), and birds occurs in :he
genus. Given this diverse assemblage of péllinating agenté, one .
would expect to find a concﬁmitant d1Ver51ty in flower types, for
as Pijl and Dodson (1966) have pointed out, each of these polllnators
is associated with a different type of flower. One would then expect
an understanding of pollination biology in Impatiens to"providg
taxonomic characters which would facilitate classification. Unfor-
tunately, Hooker [ whose difficu}ties with Ehe flower of Impatiens are
extensively documented in his correspondence, edited'by Huxley
(1918)] was unable to unrqvel the functional significance of the

different types of flowers found in Impatiens, and so turned primarily

to the inflorescence characters as a basis for his classification.



Table 3

Reported pollinator—flower relationshibs in Impatiéns

Po}linator Species Flower type Color Reference
Lepidoptera l. I. flaceida Arn. var. flaccida A P Clevenger, 1971
: 2. I. flaccida Arn. var. alba A W Clevenger, 1971
3. 1. garderqeriana,ﬂt. A M “*Bhaskar, 1975
4. I. grandis Heyne A W Clevenger, 1971
'S, I. irvingii Hk.f. A Clevenger, 1971
6. I. kamerunedsis Warb. A Clevengery 1971 -
7. 1. pallide-rosea Gilg A Pk *Grey-Wilson, 1980g %"
. 8. I. platypetala Lindl. '
? var. platypetala A P Clevenger, 1971
9. 1I. platypetala Lindl. . 1
var. aurantiaca Teysm. ex Kds. A 0 Clevenger, 1971
) 10. I. pseudoviocla Gilg ) A P *Grey-Wilson, 1980g
11. 'I. rubromaculata Warb. A L *Grey-Wilson, 1980g
12. 1I. schlecteri Warb. N A R Clevenger,A1971-f
13. 1. éodenilEngi. & Warb. ex Warb, . A Pk,u Clevenger, 1971
14, . usambarensis Grey—Wilson A 0 *Grey-Wilson, 1980g
I.'walleriana Hk.f. A ' Clevenger, 1971

15.

*Grey-Wilson, 19803.

7
Table cont'd,
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Table 3 cont'd.

Pollinator . Species L ‘Flower type ™ Color . " Reference
. ! . ) ‘ i ad
Aves 1. i, capensis Meerb. B Wv,Y,0 *Josselyn, 1672 T (-
' ' : ’ *Wilson, 1821 R — /
. ! *Pickens, 1944. '
: : *Russell, 1976
. 2. . I. niamniamensis Gilg B I Mceuse, 1961
3. I. walleriana Hk.f. A R Grey-Wilson, 1980g R
Hymenoptera 1. 1. amphorata Edgew. B : P *Khoshoo, 1955
2. 1. austrotanzanica Grey-i. B R *Grey-~Wilson, 1980g
3. 1. capensis Meerb. B W,Y,q Trelease, 18802
. *Jeatherby, 1917, 19192
*Carroll, 19192
- : Clevenger, 1971 . :
e *Russell, 1976 S
4, I, glandulifera Royle B W,M,P Clevenger, 1971 '
Valentine, 1971, 1978
5. I. noli~tangere L. . B Y, *Darwin (in Bennett, 1873)
- . ' ’ Valentine, 1978
' 6. I. pallida Nu B Yy Clévenger, 1971 -
_ E{*\\\\\ . *Russell, 1976 . ’

Table cont'd.




Table 3 cont'd. _ 7 ) . 7 ‘ I

~

Pollinator . Species

Flower type Color Refercnce
. i . : 3 ' )
Hymenoptera 7. I. polyantha Gilg B W,Pk .  *Grey-Wilson, 1980g
L » - . .
cont d. 8. 1. repens Moon . . B, .- Y Clevenger, 1971 -
9. I. scabrida DC. . B - Y *Khoshoo, 1955 ' )

. Clevenger, 1971
¢ ‘ }j . . ‘ !
Diptera 1. I, capensis Meerb. . ) B. Ww,Y,0 . *Carroll, 19192

*Russell, 1976
*Valentine, 1978

2. I.-glandulifera Royle B W,M,P ~*Valentine, 1978
3. 1..parviflora DC. B Y Coombe, 1956
. . . : vy . .
. i - - ’ <]
Coleoptera 1. I. parviflora DC. B Y " Coombe, 1956

* , . . ” .
Based on field observations; A = flower relatively actinomorphic with shallow antivexillar sepal, filiform
. spur; B = flower highly zygomorphic, funnel-shaped; L = lavender; M = mauve; O = orange; P = purple;

: .k

"' Pk = pink; R = red; W = white; Y = yellow, ) _ ' © e
.lGiven as 1. aurantiaca Teysm.; 2Given as I. biflora Walt.; 3Given as I. capensis Thunb., which is a
synonym for I. hochstetteri Warb. . ' ’ . S ]
- : n
. .

9¢1
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Warburg and Reiche (1895) in Engler and Prantl®s Natlrliche

Pflanzenfamilien made no significant alterations in this classifica-

tion which first had been propoged by Hooker in the ?lora of Britisﬁ.
India (1874-75), and oge or the other of these'two rather similar
treatments has been followed by most subsequent taxonomists.
An entifely different app;oach was proposed by Perrier (1933) in
.his monograph én the imgatiens_of Madagascar. It is in some ways a “"‘
: tragedy that the work of this brilliant French botanist has been
overlogked by those working on the Bélsaﬁinacéae,perhapé because the
apparently regional nature of his study guggests that it is not worth
making the effort to overcome the language barrier which his monograph
poses to many taxononists. On the contrary, /Perrier had a mﬁch better .
understanding of Impatiens than any of his'better—known predecessors
an{ hig discussion is thoroughly modern in its grasp of dispersal,
diversification, ecology, and parallel evolution. Perrier recognized
that' there are two ﬁajor phylogenetic liﬁes‘in Impatiens which differ
in their floral ‘morphology:
.l; Species with a relétively flét corolla, large alae, a*shallow
* » antivexillar sepal, and diversely shaped, but often filliform,
spurs. The flowers are pihk,.mauve, violet, purpliéh, or | v
white (Vulgares gropp)} !
2., *Species with-a small vexillum, alae which are very reduced,

‘and an antivexillar sepalpwhich is shaped like a c¢cornucopia.
The flowers are red or purple (Humblotianaé group).
These two‘types are illustrated in Fig. 1. In retrospect, it

seems rémarkable that Perrier was the first to observe this difference

because the two common ornamental species exemplify this di%hotomy; L
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I. walleriana Hk:f. has a vulgares-type flower and 1. balsamina L.,
a humblotianae-type. .The_effectiveness of this scheme was amﬁly
demonstrated in Gfey—Wilson's (1980g) revision of the Africaﬁ
HImBatiens which was based on the recognitién of these tw§ evolutionary
lines (wﬂich he termed Type A and Typé B flowers).

As Pijl and Dodson (1966) have pointed out, different groups of
peollinators are associatéd with‘morphologically very d;ssimilar flower
types; specifically:

1. Butterfly=-pollinated flowers are usually delicate, white,
pink, or mauve in color, with ﬁorollas which areﬁfelativély
flat aﬁd open. The nectar source is deeply hidden (for
example, at theléip of a long spur).

2. In contrast, the bee-pollinated flowers are mechanically

sttong, bLu; or vellow in coior, with‘coroilas which are

zygomorphic, semi-closeq and produce a great é&freoscopic

effect. The nectar source is not very deeply hidden (for

example, in a-short spur). -,

A combarison of the vulgareéQ and hﬁmblotianae—uype flowers
(Fig. 1) reveals that they are classic cases of butterfly- and bee-
flowers, Furthermore, it is aﬁparent that the species in Table 3
show a similar dichotomy.

If one considers the genus' as a whole, it 1is ogvious that the
situation ié much more.complicated than this st;aightfé;ward scheme
would suggest. As the illustrations in Appendix|2 of Chapter III
indicate, there are many spécieslof Iméatiehs which are not réadily'b

accommodated in these two categories of butterfly- and bee-pollinated

flowers. For example, there are white- pink- or purple-flowered

~
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‘species in which the vexillar petal is much reduced (I. cordata Ht.,
I, viscida Wt.).‘.Grey—Wilson (l9éOg) has proposed that specieg
with ghis type of flower are pdliinated yy‘solitary bees. The.
specieﬁ in the seétion Scapigerae.may invo;yé two different groups
.of pollinators. The species with long-spurs (I. acaulis Arn., |
1. scapiflora Heynej'appegr phaléﬁophilous while the remaining
species may be psychophilous (Fig..3). It is partiaily for this
reason that 1 have noﬁ followed;tﬁe tﬁgatment of Bhaskar in umiting
I. clavicornu Turz.‘and I. ;g!iﬁﬁgébjﬁgPendix 2'of éhépterIII). The
'fofmer is a short-spurred, white-fiowéréd épecies,.while the latter
is;a long—spurref, purpléffioﬁered speéies (they are aléq found inl
very difﬁerentlhabitats). Perhaps the most notable dc;iations from

the humblotianze-tvpe flower, are the ornithophilous species such as

Y. niamniamensis Gilg (Fig. 3), T. volkensii Warb., and : .
- - - , .

I. ulugurensis Warb. 1In these, the #lae are fused along the inner

margins of the an;ivexillar‘petals to form a siﬁgie structure, It
‘has been suggested that this provides a larger opening for birds
than is provided by the primitive Type B flower. Plaﬁts ef

I. niamniamensis grown in the greenﬁouse displayed cauliflory,‘which

according to Pijl and ‘odsbn (1966) is a common feature of ornitho-
philous séecies.. \:f>
The contrast between the.two basic flower types togethef wigh
the phenomenon of resupination .led Gréy—Wilson (1980#) to speculate
/fbn the évoluéion of 'the flower in Impatiens. His'arguments.can be
summarized as follows: ‘

1. The ancestor_haq a pentamerous flower with free and equal

perianthlsegmeﬁts. Since the flower was wholly actinomorphic,



Figure 3 o

!
DIFFERENT FLOWER TYPES FOUND IN IMPATIENS -

A. Relatively actinomorphic,lépiddptera

'.pollinated specigs, I. walleriana Hk.f.

B. Zygo:ofphic lepidoptera-pollinated

species, 1. elavicornu Turcz.

C. Melittophidous species, I. repens.Moon.

3
.

" D. Orni;hophilods species, 1. niamnigmensis

Gilg.
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resupinatiou was abserit.
2. The dorsal sepal Becéme gibbose. In this position its bulk

was awkward which wés resoived by fesupinatibn of the’

flower during ontogeny so that at maturity the spur has

comz to lie in anabaxial position.
3. 'Once resupination had evolved, the antivexillar sepal

became more pronounced, resulting in.a shift of thé laterai

Sepals toward the vexillum and the eventual disappearance

of the anticous (or ﬁeiillar pair). ‘Concurrently, the alae

became conn;te and the antivexillar petals became differen-

-tiéted inte a labellum, . | | |
4. Simultanzously, the éndroecium developed into ; fused

structure which forced the pollinator to brush the anthers

in order to reach the rectiferous tissue in the spur.
Grey-Wilson's gxp%anation is oﬁ the surface extremely plausible,.
-but it should be pointed out that in Vochysiaceae (Polygalales)

there has been a parallel.developmeﬁt of a gibbose spurred scpal on

the dorsal surface which has not led to resupination (Chant, 1978)..
Y

BREEDING SYSTEMS
In many Impatiens species there are two types of flowers: a

showy chasmogam which has been the subject of the foregoing discussion

. and an incon§picuous cleistogam. Having reviewed cleistogamy in detail

elsewhere (Russell, 1976), I will not dwell on the subject except to
point out thag I am no longer convinced thnt.éleistogams in Impatiens
are either Qholly apomictiﬁ or self-fertilized. Pérrief (i93§)

’
reported observing small wingless insects in the Malagasy clcistégamous

species, I. idaperta Perr. At the same time, he reported finding two

ROE e



134

other species which occasioﬁally prodﬁcelcleiqtogams‘gl. baro;i Bak:
and I. s&bstérilis Perr.). In addition, two cleistogam species have ‘
" been described'from the Philippines: I. crytogama Hk.f. and

1. cleistogama Hk.£. Hence,‘a;tﬁougﬁ cleistogamgus flowérs are rare

in trepical ImgatienS'SPECiéS,.they are pot wholly absent.

The chasmqgamous flowers of Impatiens are as far ;5 is Rnowﬁ

- always profénééous, and this has led to tﬁe assumption that they

are stfictly.out—crossing (Caréoll, 1919; Vale;tine, 1978; Grey—Wilson,'

1980g). Iﬁ fact, in the absence of self-incompatibility, protandry I
" will not insure cross;fertilizatidniSince geiténqgamy (Baker, 1959)

may lead to transférr?f pollen to different flowers of‘the same plant.

Absence of self-incompatibility‘was reported by Darwin (in Bennett,

1873) in I. noli-tangere L. and by Bhaskar (1975)‘in some of the

! annqal South‘Indian.ImEatiens; On the othe? hznd Arisumi (1980a,b)
has réported very little success in artificial self-pollination of t
a large nuﬁber of Imgatigns'SPecies. o ) _ : | S

‘While examining the gynoeéia of a number of species, it.was found fhat,
conﬁrary to earlier reports, in many species the lobes;of‘the stigma
are well-developed at maturity., Further observations indicated that
the stigma becomes reFepFive about 72 hours after the androecium has
abscissed. Selfing was again carried out only uSiﬁg flowers with
fully developed stigmas, ané seed set was obtained in fhe following

“species: I. camEanuiata We., L. cinnabarina Grey-Wilson, E;.clavicornu

Turez., I. cordata Wt., I. flaccida Arn.; I. flanaganae Hemsl.,

I. hawkeri.Bull, I. kleinii-Y.& A., I. leptopoda Arnﬁz I. nismniamensis

Gilg, I. oppositifolia L., I. platypctala Lindl., I. pseudoviola Gilg,

—
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and I. usambarensis Grey-Wilson. No seed set has been obtained in

I. coelopteris Fisch., I. parasitica Bedd., and I. repens Moon. The
first set of results confirms earlier observations that some
Impatiens species are self-compatible, but it extends the phenomenon

to include perennial species (only I. kleinii, I. leptépoda and

: 1. oppositifolia are anmnual). It appears that some reports of
failure to set seed following self-pollination may be due to

pgllinating stigmas whose surface is not vet mature.



CHAPTER V

THE FRUIT -
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THE FRUIT OF IMPATIENS /\ '

The fruit of Impatféns is a dehiscent capsule which when mature
explodes at the slightest p;essure. -It is this chara;teristic which
is the basis for. the generic name (wh}ch-is the Latin for "impatient™)
as weil as for such vernacular epithets as "Springkraut”, "Ruhr-mich-

“nicht-an", “Buzzy Lizzy", and I-'Tcmc_:h-lmea--not". The capsule is not

: easiiy studied from herbarium specimens (being either immature‘or
having dehisced during pressing), and fruit is often notlproduced by
plants growing under artificial conditions éuch as foﬁnd in green-
houses and"boianical gardens (Hooker,‘1874—75; Bhaskar, 1975; Grey-
Wiison, 198035. Consequently, few taxonomisfs have studied the fruit
in.any detaii; ig teing assumed thaE the capsule is structurally
quite uniform throughout the genus. ecently, many plants in my own -
collection have bagun t6 bear fruit ‘.\

ndantly, which has given me

the opportunity to examine fresh material of a number of species.

Previous Studies
Neither Linmeaus (1753, 1754) noT his immediate‘é;céessors refer

to dehiscence in fruit of Imgatiens; although this feature must have

“*,

been knbwn\to them as it was to Gerard (1597). Modern taxonomic
thinking on the diagnostic value of the fruit can be traced back to

Lo

Hookergaﬂp divided the genus into two primary groups as follows: .
i. Fruit'capsule short and swollen in the middle {(Series A)
.2. Fruit capsule terete or clavate (Series B)

An enumeration of species which Hooker assigned to Series A is

given in Table 1. There is a general decrease in the percentage of

-~



Tablel -

-

Impatiens species reported to belong to Series A (ellipsoid capsule, turgid in the middle). Data

given only for those regions in which both series occur

Region ) Species ~ Percent of balsam’ flora Reference

Western Himalayan "1.,. I. balsamina 1 _ o 4.0 ' ] Hooker, 1904-06

Eastern Himalayan 1. I. balsamina . 15.9 . Hooker, 1904-06

2, I. brac teata2

3. 1. e 1153
(el 4
; /L. flordgera

~ - AN :
5. I. infundibularis \’\_._\ 7 : v

6. I. latiflora’

7. 1I. mishmiensis3

8. 1. }3ulchra5

9. I. t:r::llobal:a2

10. 1. tr:ipet:ala6 .
s

- Table cont'd.

8eT



Table 1 Con;'d.

-

Region ; Species. Percent of balsam flora Reference
Burmese 1. 1. acuminata7 66.7 Hooker, 1904-06

2, 1. andersoni?

3. 1. annulifera3
4, I, balsamina -
) . 2
5. 1I. -bracteata
.3
6. I. brandisii

7. 1. Burmanica3

. 8., 1I. caEilliges5

”

9. I. chinensis

10. I. circaesides8

f

11. I. craddockii3

12, 1. curviEé53

13. ;.“-cusnidifera3

14, _I,-florulenfa3

15. I. formosa3
q

Table cont'd.
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Table 1 Cont'd.

Region

Species .

Percent of balsam flora

Reference

\

Burmese (cont'd.)

16.

17.

18.

19.

20,

24,

25.

26,

27.

28.

29,

30,

_L.'helferi3

3
I. khasiana
I. 1aevigata8
_Lvlatif'lora5

manniil

I

I. marianaelo
I. masan13

. 3
Y. micromeris

1. mokim'i«3

‘I, nigrescen53

. oppositifolia

I

1. parishis’
1. Eeguana3
1. Eérrectas
I,lgulchras

>~

i .
Table cont'd.
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Table ! Cont'd.

'Region

¥

=

Species ,

Percent of balsam flora Reference

C N

Burmese (cont'd.)

31..1. racemulosaB.

32. I. radican511;
33. 1. rangoonensis
34. 1. str%ctaa o
35, 1. strialaté3

36, I. tavoyana

37. I. trilobatag

38. I. triEetala6

39. 1. violaefloraé5

40, I. xanthinal_2

- Comber, 1934

~ ’ . X
)

1authority = L,

2Coleb.

3Hk.f.

Table cont'd.
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Table 1 Cont'd.

“C.B. Clarke

Suk.f. & T. : - _ ' -

6Roxb.

7Benth-. R - .

8Wall.

9C.B. Clarke ex Hk.f, - nom, illeg.; first published in Hooker, 1904-06. Hooker earlier (1861)

described gn_Ghrelated African species under the same specific epithet,

lOReich.f.

llBenth. ﬁon Zoll. et Mor.; the iatter is a species from Java, description published in Systematisches
Verzeichniss der im indischen Archipel in den Jahren 1842-1848 gesammelten so wie der aus Japan

empfangenen Pflanzen. Zlrich 1854-1855, 3 Hefte. The Impatiens species from Burma was first
published in Wallich's'Catalogue (no. 4763) in 1831 and is therefore valid. —~

12Comber

D
ZrT

.,
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species belonging to this group as ohe procceds in an arc- from the

. African, Céyldnese and Deccan‘égéions §1002) to the Burmese (677),

to the eastern Himalayan (167); and finally to the western'Himalayan
whefe only a single species occurs (I. balsamina L.); the Eura;ian
Speéies were all placed in Series B. Recently, Bhaskar (1975) con-~
curred with Hooker's diagnosis by assigning all the Deccan species to
the same group. Other authors (e.g. Perrier, 1933;.Shimizu, 1970)

) - R
- did not consider fruit characters in their treatments, Perhaps the

most curious omissioﬁ of all is that of Hookér himself in the publica-
tions which followed the "Epitome". This is particularly noticeable
in his treatment of the Impatiens fléra of Indo-China (1911) {ﬁ which
only passing mentien .is méde to species with linear and ovate fruit.

. Although_Hooke? was responsible for popularizing the idea that

there are two classes of fruit capsule in Impatiens, he was not the

. originator of this idea, a frequent misconception which arises from

his comments in the Flora of British India (p..440). Rivinis (1691)
used these two types of capsule to distinguish Qélsamina_(l= Series A)
and Impatiens ( = Series B),but Linneaus (1754) did not consider: the
distinction significant enough to warrant the recognition of two |
geﬁera. W;th the exceptioﬁ of Miller (1754) and De Candolle (1824),

all later taxonomists followed Linneaus's treatment. When De Candolle

resurrected the Impatiens-Balsamina dichotomy, he expanded the number

o

of characters by which the fruit of the two genera differed:
1. Capsule ovate, puberulynt, valves open inward from the apex
(Balsamina)

2. Fruit tercte, glabrous, valves open_outward from the base

(Impatiens)
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The last feature (modé of dehisceﬁce) is apparently a unique .
observation by De Céndolle, noted by no previous or subsequent taxon-
.omist. | ' S . .

It appears that only one study has been carried out on the
mechanism underlying dehiscence (Warburg and Reiche, 1895).. The cap-
sule wall was ﬁound_to consist of three layers, an epidefmis, a
middle, spongy layer, and aﬁ inner membraﬁous layer. In contrast to
the‘lattgr, thé outer two layérs are turgid and composed'of very
elastic cells which, in earli develbpment are distended in a directicn
perpendiqular to the valdés. As tufgo; pressure increases, the ceils
begin toﬂéxpand in‘:he opposite d;rection'(i.e. parallel to the valves)
creatihg a stress wiich eventually leads the valves to rupture along
the sutures. |

U §
"The adaptive vzlue of dchiscence has been discussed by several

authors. It has bezn viewed as an evolutionary device for 1o;g-disf
tance dispersal (Warburg and geiche; 1895; Bhéékar, 1975). On the other
hand, Stebbins (1974) has pointed out that the seed is scattered at
most only a f?w meters, which suggested to him'that its real | evolu-
tionary significance is to disperse the seed beyond the shading and -

rooting circumferences 'of the parental plant, thereby reducing
L

competion. .

Observations
In addition to herbarium material and published descriptions and
'drawings, fresh frﬁit capsules were studied when available. The latter
included 25 taxa representing a diversiéy-of forms.and including the

major phylogenetic lines (with respect to flower type) which are

found in the genus,

ot LT
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The orientation of the fruit at maturity varies‘alfhough usually

it corresponds to that of the gynoecium. Thus in species with flat,

‘relatively actinomorphic flo%ers the capsule is parallel to the

pedicel with the apex directed in an upward dErﬁE{;on, while in
species with zygomorphicflowers.(éroups B-E in Table 2 ), the fruit
is oriented at an oblique angle to the pedicel with the apex pointing

outward away from the stem. In contrast, in the African ornitho-

philous species, I. niamniamensis Gilg, as the fruit ripens the

pedicel reflexes so that the apex. eventually faces inward toward the
étem. The significance of this feature is unkﬁown.

In all species examined, the fruié ias found to be-an eléstically
dehiscent capsulz compoSed of five valves.(or flaps) dérived from the
outer wall of the carpel and joined to adjacent valves by sutures.

In all species of Series A for which fresh capsules were availT
able, the capsuls was asymmeg}ical_as a result of a swelling in the
valve which occupies the antivexillar position. The gibbosity deve-
lops as the fruit matures., This feature has béen agmitted in a_ﬁumber
of published illustrations, but is shown in Fig. 1, F and K. The
outer surfgég of. the éapSple wall is convex while the innmer is concave.
In cross—section the capsule is circular with five slightly projeéting
lobes formed by the exterior surface of the valves. The.lobing is
somewhat’ more prominent in the specieslwhich Hooker aésignédito
Series A. The valve wall consisté of an epldermis, a spongy layer,
and a thin membranous layer which agrees with the observations of
Warburg and Reiche (1895). ‘
Contrary to earlier reports (Hooker, 1874-75;° Bhaskar, 1975) the

fruit is a septicidal capsule, not a loculicidal one. This was
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Table 2

Distribution of two fruit capsule types in some Impatiens species

Flower type Species Native to

Capsule Type I

A. Phalaenophilous, relatively actinomorphic = Series A {Grey-Wilson, 1980g)
P

. 1. 1. cinnabarina Grey-Wilson _ Africa
2, I, flaccida Arn. ' Ceylon
3. I. hawkeri Bull Papuasia

4, 1. platypetala spp. platypetala Lindl. " Indonesia

5. I. platypetala spp. nematoceras (Mig,) Steen. Indonesia

6. I. platypetala spp. aurantiaca (Teysm. ex Kids) Steen. Indonesia
7. IX. pseudoviola Gilg - Africa
8. 'I. pulcherrima Dalz. ' Deccan
' 9. I, walleriana Hk.f. ' Africa
B. Psychophilous or phalenophilous, zypomorpliic =  Series A (lHooker, 1874-75; Bhaskar, 1975)
1, I, clavicornu Bedd, o ' © Deccan
2, 1I. cordata Wt.. ‘ Deccan
3. I. cuspidata W.& A, ‘ Dececan
4, 1I. levingel Hk;f. _ . Decean
5. I. leptopoda Arn. . . Ceylon
6. IX. viscida Wt. . _— Deccan

”

- C Table cont'd,
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Table 2 cong'd.

S

Flower t&pe Species Native to
1 .
‘ ' ' B
C. Ornithophilous, zygomorphic' = Series A (Grey-Wilson, 1980g)
l. I. niamniamensis Gilg Africa
Dl' Melittophilous, zygomorphic = Series A (Hooker, 1874-75; Bhaskar, 1975)
4 1. 1I. balsamina L. Widespread
{ 2. I. campanulata Wt. Deccan
. 3. I. kleinii W.& A, Deccan _
4, 1I. leschenaultii Wall. Deccan
5. I. oppositifolia L. : Deccan
Capséle Type. 11
D2. Melittoph}lous, zygomorphic = Series B (Hookef, 1874-75)
' 1. " I. capensis Meerb. North America
- 2. 1I. glandulifera Royle Himalayas
3. I. pallida Nutt. North America
4. 1. parviflora DC. Himalayas and
~North Temperate Zone
3. 1I. scabrida DC. . Himalayas )
6. I. textori Mig. Japan _ -

v
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Figure 1 . ‘ -
Fruit capsules of some Impatiens species arranged according to
Series A (capsule short, turgid in the middle, ellipsoid or oblong)

and Series B (capsule elongate, linear, or clf;}ﬂg).

Series A A =1I. briartii (Africa); B = I. barbulata (Africa);-
es A 1. briartii L. barbulata

C = I, gongolana (Africa); D = I. harﬁandi {(Vietnam); E =

_I. indo-chinensis (Cambodia);.F=_£. kamerunensis subsp..obanensig

(Africa); 6 = I. lanessani (Vietnam); H = I. makeyana (Africa); I =

I. mazumbaiensis (Africa); J = I. nigeriensis (Africa); K =
I. oreocallis (Africa); L = I. palpebrata (Africa); M = I. percordata

subsp. percordata (Africa);AN = 1. pseudoviola (Africa); 0 = _ -

I. tinctoria (Africa); P f=E: purpureb—violaceae {Africa).

Series B: (all species are Western Himalayan except T, -which is

Eurasiaﬁ). Qg =1. aitéﬁisonii; R = I. glandulifera; 8§ = I. langeana;

T = I. parviflora; U = I. polysciadia; V = I. reidii; W, X =

I. stoliczkia, immature and mature fruit; Y = I. vexillariana.

D, E, and G based on Hooker (1908).

Q - Y (excepting R and T) based on Hooker (1910),
. .

R and T from living material.

Remaining illustrations based on Grey-Wilson (19803).

F1

A
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detgrmined by mgking hand cross-sections of freshly harvested fruit
cap;uies.. The sutures are aligned with the septae not with the mia-
rib of the;locule. In all cases, the placatatioﬁ was axile, but
seed had develosed only ;oward the apex of the placenta. Tﬁé number
of seed per capsule varied both inter- and infra-specifically. For. -
example, 1. parviflora DC. had an average of two sequ per capsule
(this, agrees with Coombé, 1956) while I. flaccida Arn. aéd

I. walleriana Hk.f. averaged more than twenty. It was noted that

seed size decreassd as seed number increased.

Little evidencawas found to support Hooker's two fruit capsule

. types. A number of sgecific examples are illustrated in Fig. 1. On

-
-

the wﬁdle, Series 3 species do have fairly similarly shaped capsuies;

In constrast, ?éries A appears to be a heterogenous group with many
differently‘shapéd fruits. It is true ﬁhat some of the species do
indeed have a short ovate capsule as is illustrated by I. briartii \\_/_1
De Wild. & Th. Dur., I, barbulata G.M. Schulze, and I. Palgcﬁrata Hk,

.f. This feature is also found in the two common ornamé’tals%
1. balsamina L. and I. walleriana Hk.f. Some of the remaining types
could have been derive@ from this basic type such as the beaked
fruit in I. lancssani Hk.f., but it is very difficult to envision

S~ , .
the fruit of 1. mazumbaiensis Grey-Wilson, I. pseudoviola Gilg or

1. tinétdria A. Rich. as being ovate raLher than terete.: On the
other hand, it is evident that fruit shapc‘may‘serve as a diagnostic
feature séparating closely related groups. Tor egamplé, the

I. tinctoria and I. stuhlmannii complexes aEAfriéa'are rather similar
florally and vegetatively, but the former has elongated fruit while

the latter has short ovate fruit (Grey-Wilson, 1980g).
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‘Figure 2
Mode of Dehiscence
1. flaccida ﬁ}n., Type 1 capsule.

1. niamniamgnsis Gilg, Type I capsule,

1. kleinii W.& A., Type I capsule.

I. parviflora DC. Type II capsule.

L B

v
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Coﬁtrary to De Candolle (1824), the Balsamina-type capsule may be

puberulent (e}g, I,'balsamina L.),or glabrous (e.gl lQ leschenaultii

Wall., I. chinensis L., I. flaccida Arn., I. oppositifolia L.). All

tﬁe.IAbatigns—type capsules examined were glabrous.
| While the_:becies of Séries A and Series B could not be disting-
uished on the basis of capsule shape, represmtatives of the two serieé
which were'aﬁailablelfrom live p};ntS‘could be readily‘&istinguisﬁed
by théir mode of dehiscence (Fig, 2). All Impatiens capsules do not
burst inté five sagments scattéfing'tﬁe seed as was pfeﬁibusly
thought. In all mhe‘speciés which have been assigned £p Séries A,
the capsule is turgid, and only.one-sutune (which lies along the
margin of the gibbose valve) ruptures completei&. The_rupture
begins at the midpoinﬁ bf the suturé and progresses 'simultancously
téward‘the base é:d‘apex. As the suture ruptures, the‘chpsulé
beéoﬁes flatfened, and when tﬂe rupture recaches the aﬁex, the de-
formation of the curved surfac; into a flat one causes the rgmaining
. four sutures to split slightly inward from thé apex {except in,the
Annuae), which still leaves tﬁe'valves adhering to each other #s a

-

single unit. (The one modification to this pattern was found in
cultivars of I. balsamina, L. The capsule is extremely turgid and
‘when the valves fold a suture aloﬂé the antivexillar surface

splits. This often causes the capsule to break into two pieces. Ih,
[

wild varicties of this sﬁecies, the capsule is much less tufgid

ehaves like other Type I fruits.) The capsule dail immediately
'j%ard along the midline so that the apex and basc meet. As

‘'his occurs

he placenta ahd seeds are expelled. The foldiﬁg.action

-

is so rapid that in many cases the placenta is not thrown clear, but
v . -
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remains trapéed at its bgse betwegé ;ﬁe.folded’capégle és‘if\caugﬁb_:_
in a Qise.‘"The placenta.ﬁith the still -attached seed éan often be -
observed protr diﬁg from the dehisced éapsule. I% the capsule is
pried open,.i wili be seen -that a number of‘seed'havé béen tnappedl
inside where .zéy will remain until thé capsule abscisses‘at tﬁe base

(usually_several days later).

‘Iﬁ‘contrast, the Series B capsules are noh—turgid and dehisce"’

. .

siggltaneously along all five sutures, beginning at tﬁe base. The

‘ valves ﬁurl inward at‘fhe base (not ‘Gutward as reported by De Candollg).
Both tﬁe seeds and capsule are thrust explosively from thg parent

plant (the valves remain_joined for a short distance at the apex).,

Consequently, the sead is liberated immediately following dehiscence.

Discussion

The.divisio; of'iﬁgatiens into two éeries on the basis of fruit
shape appears ;implistic as a phenetic marker, The specieé of Series
B (téret; or clavate capsule) appear to be a fairly cohesive group
basAd on the examination of fresh capsules ffhm'Zs raxa as well as
suppleﬁentary publisﬁéd evi&ence. In contrast, a variety of fruit
shapes were fognd.in Series A rangihg from short and ovaée}to’essen-
tially linear. On the other hand, it was found thaf the fresh \\
.cépsules could be divided into‘(ﬂg categades based on mode of déhisccnce.

1. Capsule dehicses alopg one suture, beginning at midpdint,

_ folds iﬁwqrd,rsome sged trapped after dehiscence.
2, 'Capsule.dehises along all five sutures beginning at the
. base, valves fold inward,-seeq thrown free of capsule,
dehiscence and.abscission‘simultan20us.

Except for the observations of Warburg and Reiche (1895)
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.virthally ﬁothing 1s known about the dehiscence mechanism in '
. s

Impatiens. The present §Eudy confirmed the presence of a cell wall

consisting of three tissues: epidermis, spongy layer, and inner mem-

brane. ‘It is now evident that more 'extensive studies are needed

L

particularly of longitudinal sectﬁgns of the two capsule types, .
focussing bn struétural differeﬁces in the sutures, bases and apices
which would explain the different modes of dehiscence, and whiich

would determine the degree of evolutionary divergence which has taken
place in. the fruit. *
At first sight, it seems surprising that with the exception of

De Candolle (1824) who was wrong in detail, no ‘taxonomist has noted

any difference between the dehiscence mechanism found in various

groups of Impatiens, but it must be emphasized that very little mater-
ial has been available for study, Most herbarium specimens do not

include mature fruit, and when they do, it has been so damaged during

p@?séing,-that it is usually overlooked, Consequently, for many

species of Impatiens there is no information on the capsule whatso-

ever. This becomes evident when one undertakes a detailed study of

the fruit characters presented in Hooker's Flora of British India in : .

which for many species no fruit was available and so only a tentative

placement in Sérieﬁ A or Series B could be made. Finally, the

weight of_trédition-cannot be ignored. The fact that Hooker studied
the fruit, tends to make one believe that the fguit is wéll understood
and offers no challenges. In.fact, it was only a receﬁt observation
on greenhouse plants whichaconvinced me that not'all'ImEatiens

dehisc? in the same way. Earlier, I had spent months in the tropicé

prying seed out of folded capsules without a second thought to the o

4

]
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fact that temperate specles had not presented the same prbblem.

A éorrelatio@ was found between the two types of capsules and
the different flower types (TablF 2). Ty;e I capsules were wide-
spread, ocﬁurring in species with relatively actiqomorphlé, phaleno-
‘philous flowers,in those with zygomorphic phakuﬁophilous.ﬁf psycho-
philous flowers, in those with zygomorphic orgpithophilous flowers
‘ (oné species) and in some with zygomorphic, melittophilous flowers.
Type II capsules were.restricted to melittophilous species from the
Himalayas and the North Temperate Zone, élthOuéh it is likely that

they also occur in Southern Asia. Thus there appears to be a cor-

’

relation betweén péimitive fiower (Tyﬁe'A) and Type 1 capsule, :
Furthermore, based om its present‘taxohgmic and geographiq distribu-
tion, it seems that the Type iI cépsule is a relétively fécent
innovation in thg evoldﬁionary history of Impatiens, restricted to a
single phylogenetic line in tefms of floral zvolution. Conseauently,
Hooker's primary division of the genus {or substituting mode.of b
dehiscence for capsule shapc)_leads to a cladistic fallacy because the
major flower types arose, proliferéted, and dispersed befare the fruit
capsules diverged. This éarly florql evolution was accompanied by a
concdmitant elaborétion of other phenetic cﬁ;racters (a.g. vegetative'
morphology) as well. If my hypothesis is corre;t, Hookér chose to
-giﬁe far more emphasis to Series B than it warrants, and in a more
cladistic arrangement it should be'treated‘as.a sister group of thé
species'Vith melittophilous flowers and TypgﬂI capsules-(or some
subgroup of them, should they prove to be paraphyletic).

As for the adaptive value of the two fruit types, little can be

Oh.
said at the present time, although it has been observed that Type II

.
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disperses the seed more efficiently. It may be that the seeds .

trapped within capsule Type I are more susceptible to predation

(being a concentrated. food source) or:that once the capsule falls

. . . & &+
and decays, they germinate in a dense clump.

3

A hypothetical mechanism by which the Type II capsule could et

have arisen whs suggested by observations on the androecium: Under

f
b "

; normal-conditions the filaments are'fubtured at their base by the //ff\ﬁﬁ\

‘elongation of the gynoecigm‘and slowly are pushed off. 1In prepara-

‘tion of material for pollen stainability, it was observed that when

a drop.of ethyl alcohol was placed on the androecium, the filaments
. AR
ruptured violently at the base, coiling in a manner very reminiscent

‘of that of the valves in Type IE fryit and the androecium was

violently thrust off. Now ir is obvious that in the course of

¢

evolution the dévélopment of the androecium ands gynoecium have
become coordinated and this suggests linkage between the genes
gbvgrning_theip.ontogenies. Perhaps'the Type I capsule gave rise to
the Type II through a mutation utilizing certain duélicates of genes

‘'which control aspects of the androecium structure.
: *
~E;nally it should be recognized that a number of Additional

[y

variations may exist in the fruit of Impatiens. For'example, a few

species such as I. stoliczkai Hk.f, are dispermous with what appears
-to be apical and basal placentation. Such variations, once their -

distribution is better known may facilitate the delimiting of natural

groups.
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INTRODUCTION -

. Karyological and cytogenetic studies for many years have
played a central role in biosystematics. Pro;:bly the most in-—
fiuential work in this area was Babcock's (1947) monograph of\the
genus Crepis which served as a model in the application of cyto-
taxonomical technlques for a whole generation of biosystematists.
Mention also should be made of g%e cytogenetic studles on Euoenothera
by Cleland (1972) and on Clarkia by Lewis (1973)

Traditionally, the importance of chromosomes in cytotaxcnomy -
has been two-fold: they havg geen used as a diagnoétic tool in
classificatioh and as a means of providing iﬁsights into genetic ‘
phenomena and eyothicnary processes leading to the differentiation
6% taxa. Three characteri;tics of chromosomes have been deemed to
have esgeciaily high information content: chromoscme nﬁmber, chromo-
some morphology, and chromosome behavior at meiosis.

In receAt years, techniques for detailed énalysis have developed
rapidly, and now in some groups each éhromqsome of. the genome can be
identified by its §pegific banding sequence. The earliest banding
studies involved cold pretreatment (Darlington and
La Cour, 1938, 1940; Callan, 1942; Wilson and Beothroyd, 1941, 1944)
and mercuric nitrate prefixation -(Levan, 1946). 1In 1968,

Caspersson et al. demonstrated that the fluorochrome, quinacrine

mustard, induces banding in several plant and animal species. A

'technically even more significant advance -was the discovery by Pardue
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and Gall (1970) that Giemsa preferentially stains segments of the
[« 4

chromosome rich in repetitive DNA. Giemsa techniques were extended
. to plant chromosomes bﬁ Vosa and garchi~(1972). In contrast to
quinacrine mustard, Giemsa does not require séphisticatea eéuipment
and is more permanent, Consequently, Giemsa soon dominated the
field. The presence of Hy-bands in some taxa followiné acid hydro-
lysis of unfixed tissue was first reported by Yamasaki (19565. A
modifigd method applicable to matgrial fixed in Clarke's (usually
referred to as Carnov's) fixative was developed by Greilhuber

(1973, 1974, 1975). ,

In the early stages of biosystematics, cytological ch;racters
were regatdedfas being of primary importance in delimiting taxa by
some authors (Darlington, 1956; Stebbins, 1959; L8ve, 1960). In
recent years there has been-a change in thinking (Davis and Heywood,
1963; Raven, 1974, 1976) and it is nm} recognized that cytological
characters are only one of many types of data useful for classifi-
cation, Cygologiéal characters, especially chromosgme number,
suggest. possible diséontinuities; Spqdies have shown that they are
often highly stable and show a correlation with natural groupings.
Oﬁ the écher'hand,‘they should not be'used'as the sole diagnostic
criterion; thgy must be related to other phenétic_evidence in a
logical way as was stressed by Babgock (1947). For examéle,

chromosome number is often subject to parallel evolution (as in

Clarkia, Boronia, and Crepis). In such cases, there will be a dis-~ .

"cord between cytological and'morphological data, and obviously the

‘latter will be more infermation-rich.- .
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A REVIEW OF THE CYTOTAXONOMY OF IMPATIENS

Chromosome Number in Imgaﬁiens

" The first stuﬁies on tﬁe karyology of Impatiens were those by
Smith (1934, 1935, l938)\and Wa?gi{ﬁ (1938a,b). Subsequen; important
communications include;lKhoshoq (1955, 1956;:1957, 1966), Jones and
Smith (1966), Chatterjee and Sharma'(ISYO), éhaskar and Razi (1972473,'
1974,"1976), Arisumi (1973a, 1980a), Bhaskar. (197.6, 1980), and Gill
and.éhinpappa (1977). .Of particular 5ignificance das‘the discovéry
by Khoshoo (1956) that chromosome counts can be obtained from herbar-
ium specimens. The generative nucleus remains in prométaphase ﬁntii
the pollen is shed, and the linear arraﬁéement of chromosomes
greatly facilitates the determination aé chromosome number. Determiﬁ—
atioﬁs have been carried out on'material collected as early as 1900
(Khoshoo, 1956; Chinnappa and Gill, 1974). The technique involved
‘has only proven successful in Impatiens (Solbrig, 1970).

Chromosome number determina;ions have been cartried out for 112
species of imgatiens, which accounts for 10-257 of the genus,
depending on which estimate of s;ze 1s used. A complete ligt of
published chromosome numbers is given in Appendix 1 to this Section

which requires a brief explanation. For each species, the chromosome

number is given under the correct name, based on the last major treat-

ment (e.g. Shimizu, 1970 for Thailand; Bhaskar, 1975 for South India;
Grey-Wilson, 1980g for Africa). Given the bgoliferation of synonyms
in Impatiens, it is not surprising that -in fany cases,

chromosome numbers have been reported for the same species under

different specific epithets. Synonyms are included in Appendix 1

LY
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with a referral to the correct speéieslname [e.g. Smith (1934)
-reports 2n = 16 for l; sultani Hk,f. whigh is a synonym for L;
walleriana Hk.f, according Eo Grey-Wilson (1980g). Consequently,
Smith's actual count is given under the latrer épithét]. Thé one
eﬁﬁep;ion.to this is in the case of the New qunéa.spegies I.

hawkeri Bull, I. linearifolia Warb., I.-mooreama Schltr. and

I. schlecteri Warb, which Grey-Wilson (1980a) has treated as one

aggrggate‘(z, hawkeri sensu lato). Thie has been done to-emphasize

-

the ploidy levels. fhé pres?nt arrangement corrects for over-estim—
ates of the number of species whichlhave had their chromosome numbers
determined (ef;. Bhask r; 1975), ) -

From Appendix 1, it is evident that Impatiens has undergone an
extensive cytoevolutidn resulting in gametic numbers of n = 3, 4, 5,
6,7, 8, 9, 10, 11, 12, 13, 14, 16, 17, 18, 20, 24, 32, and 33. The low

haploid numbers appear rare. An Eg-’B cytotype is only known to

occur in the Deccan taxon, I. leschenaultii Wall., a suffrutescent

species of the Northeast Monsoon Zome (Bhaskar and Razi, 1972-73; Rao,
1972). It also has been reéorted'to have n = 7 (Krishnaswami et al.,
196%9), The chgq@oéome number n = 4 has been reported in I. platype-
tala Lindl. spp. aurantiaca (Teysm. ex kds;) Steen., a native of the
Celeb;s‘and in the cultivar 'Tangerine' which is apparentlﬁ derived
from it (Beck et al., 1974). 'The African species I, assurgens Bak.
has been reported to be:E_= 5 (Gill and Chinnappa, 1977). It is
related to members of the Deccan Section Annuae, which ére reported

to have n = 6, 7, 8, and 13 (Rao, 1972, 1973a,b; Bhaskar,.l975).

Ann =35 cytotype also occurs in I. edgeworthii Hk.f. (Khoshoo, 1957,

1966). The most common gamexjc number in this species is n = 6, but
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_ occasionally plants were found with chromégpme numbers of n = 5

orn = 7.

The most frequent chromosome number in the genus appears to be
n= 8, followed by n = 7 and n = 10 (Fig:.l). Cytotypes with n =6,
9, and 16 are considerably more rare, and the.remaining chromosome
numbers only ocecur sporadically. . Gametic cﬁromosome nﬁmbers of
n = liwand_ﬂ = 18 have been reportedlfor séveral Malaysian‘species,'
but it has been sugpgested tﬂat these species are, in fact,'dibasic
pqupioids based on lower chromosome numbers (Jones and Smith, 1966).

Thirty-five species are‘reported'to contain dysploid series
(these are preceedéd.by an asterisk in Appendix 1 of tﬁis sgétion),

that is, to have different basic chromosome numbers .on the inter-

or intra-population level (Rieger et al., %968). Dysploidy appears’

most frequent in the Deccan and Himalayan species, but it does not

appear to have much correlation with taxonomic groups. It has Leen
proposed‘thgt dysploidy may lead to géndtypic diffeéentiéﬁion
(Table 1). “

Interspecifié aneuploidy is also present in the genus (Table
2). The Scapige;ae form an aneuploid series with n=26,7, 8,9,
and 10. The n = 16 and 20 cytotypes aré proBabl& euploids based on
= 8 and 10. Aneuploidy is also present in the Annuae with n = 6,
s while n = 13 may represent a dibasic. poiyploid of hybrid
origin (Bhaskar, 1975). This series is further éxﬁended if one
includes the Afr;;an species 1. assurgens Bak, with n = 5 {(Gill and
Chinnappa, 1977), which Grey-Wilson (léSOg) has correctly recognized

as belonging to the Annuae.

A number of groups are euploid. Authentic cases of autopoly-




Figure 1

'
‘

.Frequency of different chromosome numbers

in Impatiens
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Possible character differences %ssociated with some aneuploid changes in certain Impatiens

species - . - . .

Species . Cytotype Character . Reference
0 : _
V s '. - - - “ - - a
1.  I. acmanthera L. 9 ‘ flowers yelLou-white Chatterjee and Sharma, 1970
- - : 10 flowers violet
2. I. arguta Hk. f. o 6 - flowers large Chatterjee and Sharma, 1970
. 9 flowers small ' N
3. ﬁl. balsamina Hk.f. & T. 7 .single-flowered . Kkaghuvanshi and Joshi, 1968
8 double-flowered . :
4. "1. scapiflora Heyne . 8 flowers July-September Bhaskar, 1975 -
var, scapiflora {monsoon season) ‘ e
. . ) L, , _ .
10 flowers October ) )
' - (post monsogn) \

997
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IlChromosome numbers by sections (Hooker 1904 -1906) of South
" Indian Impatlens
“Sectioh Chromosome numbers (n)
Scaplgerae 6,7,8,9,10,16,20
Epiphyticae 9,10 - .
Annuae . 6,7,8,13 Coe h
. . ! C e
Microsepalae 3,6,7
Tomentosae 8 St "
Subumbellatae 8,10,14,16,20
A, L2 '
Racemosae 10
a ’ » |
Arrangement used By Bhaskar (1975). v
. .
\ ——
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ploidy occﬁ; %n £. Salsamina L. (Smith, 1938) and I. noli-tangere L.
' ‘ ' o 7
(Skalinska and ?ogan, 1973); while Jones and Bmith (1966) proposed ,Jj

that I. mirabilis Hk.f., with n =17, is a dibasic allotetraploid
with.ﬁz = 8Iand 9 or ;.;nd'lo. Polyploidy is clearly quite prevalent
in African and Papuasian ngatiens.' anes‘and'Smi;h (1966) postu-
la;ed that.the basic’éhrDQSSOme-humber for these groups was x = 8,
wh%ch subsequentl; gave-risé ta teprapioids (25_'= 32), hexaploids

(2n = 48), and octoplpids (25_=-643._ In;contraqt; Beck et al.
(1974j'faéore& a basic chromosome numBer of x = 4, which then would
have given rise to tetraploids (2n =-16), octgplﬁids (2n = 32), |
duodecaploids (2n = 48), and 16-ploids (2n = 6l). If any of the -
African of Papuasian taxa are aucuppIyploids they haﬁe undergone
diploidization (Stebbins, 1971), there being no évidence‘of multi-
valent formation (Jénes and Smith, 1966; Arishmi,'1973a,b; Beck et al.,

1974).

Chromosome Morphology

4

There is almost no literature pn karyotypes in Impatiens. The
B .
following observations have been made to date:
1. Chromosomes range from median to acrocentric and

1)

may vary on'the infraspecific level (Khoshoo, 1957;

Chatterjee and Sharma, 1970). .

2. A compléte examination of all ﬁublished illustrations of
| metaphase ﬁlates (Iaﬁle 3) shows thaﬁ the numser pf

chromosomes with satellites. ranges from none to four and’ that

there is no obvious correlation between the number of chromo-

’

somes and the number of satellite chromosomes.

.\—v

-an '_&M



Table 3 , .
Species of Impatiens in which illustrations of metaphase plates have been publishgd

d . ' Chiromosome numbey Number of
Specles } : n Zn satellictes Reference : .
- % I. acmanthera (I) - - 20 2 7 ' Chatterjee and Sharma, 1970
. *I. acmanthera (IT) - | 18 ‘ 2 Chatterjee and Sharma, 1976 ) | .
1. amphorata : - : 14 2 Khoshoo, 1957
I. balsamina . 7 - 1 ) Raghavan et' al., 1939
I. balsamina - - - 14 .. - 2 Smith, 1938
1. balsamina SRR 21 .3 Smith, 1938
* 1, balsaﬁina (I1) - 6 - , 1 Chatterjee and Sharma, 1970.
* 1. balsaminq (I11) 7 ‘ - . 1 ) _Chatterjee and Sharma, 1970
1. ba}samina (1V) 7 - 0 : Ch;tterjeg-and Shgrma, 1970 -
I. ::aE‘ensis _ - 20 4 . Smith, 1938 ) |
I. edgeworthii - i 12 _ 2 Ki#oshoo, 1957
1 flaccida “ - 14 ' 2 Jones and Smith, 1966 .
‘ 1%' gla@duliferay - 20 2 Khoshooj 1957‘ Table cont'd. | S
s . ® ) ‘
oy W , .
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Table-3 cont'd,

Chromosome number . Number of

Species n- 2n satellites - Reference .
P - * . . b
I. hookeriana - 40 o - Jdones and Smith, 1966
l.-insigdis o j\ 9 - o1 Chatterjee aﬁd.Sharma, 1970
1. leptoceras _ o= L ‘.18 2 : | Cﬁatterjéé;and Sharmaj.1970
. I mooreana. . - - 66 - . 0 Jonés énd Smi;h, 1966 -
) ‘ I, niamniamensis 16 32 - f - .0- " Jones and Smith, 1966
1. pallida - - ‘ 20 4 " Smith, 1934
1. pééudoviola o - . . 16 2 | Jones and Smith, 1966
I. scabrida L - 14 _ 2 Smith, 1934 |
I. scabrida o - 18 2 ' ~ Chatterjee and Sharm;, 1970
:l. scaEiflora.var. : . l ' °
scagi{lora 10 - 3 " Bhaskar, 1980
1. sulcata | - 20 _ 2 Khoshob, 1957
1. walleriana - - ) 16 - 2 . Smith, 1934 ;
(] ) . ) . T
. fIdiogram published, There is'a discrepancy between TCL's and idiograms, whibh‘reﬁdérg tﬁe

analysis doubtful.

lSmith (1934) did not observe any satellites in a plant of thié species with;25_= 18.
. 5 -

-

0LT" .



- ‘ 171
- b -

3. Chromocenters (prochromosomes in the older literature) - -

are reported to occur in some specieé, but not others ’

(Smith, 1934). ‘' Ghromocenters are present in both mitotic
-and meiotic material, but in the last mitosis preceeding

mlcrosporogenesis, they are.anomalously'shaped and it

has been suggested that this indicates pair-wise
association (Chauhan”and Abel, 1968).

4., It.is a little known fact that Impatiens was the first
plant group im which_ heterochromatin was reported .(Heitz,

1929). Heterochromatin appears to be both proximal and °

intercalary (Bhattachayjya, 1954),

Mechanisms Gi\ﬁg Rise to Aneuploidy

From the foregoing revieWyit is evident. that Impatiens has
undergone extensive changes in chromdsome number. The literature
suggests that* several processes may be involved:

. 1. Whole arm translocation, resulting in aneuploid decreases

' in chromosome number:‘ The most convincing report of this
is in I, glandulifera Royle. Khoshoo (195%) founo that
‘ in the n = 10 cytooype there wre ten small, metacentric
. chromosomes. In c0ntrast,.he obsorved that in the pub-
lished figure of an n = 9 cytotype (Smith, 1934) the genooe
consisted of eight small, metacentrics and a ninth, large
acrocentric, . >
2. Unéqual segregation leadding to aneuploid increases: Pollen

( ]
’ .
grains with aberrant aneupleoid chromosome numbt!l have been

reported in a number of species including I. balsamina L.

a4
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(Khoshoo, 1955, 1966; Raghuvanshi and Joshi, 1968), I.

‘acaulis Arn. thaskar and Razi, 1974), I. acmanthera Hk.E.
(Chat&erjee and Sharma, 1970), I. arguta Hk.f.& T.

" (Chatterjee apd Sharma, 1970), l.;édgeworthii Hk.f. (Khoshoo,
1955,-1951)! I. modesta Wt. (Bhaskar andARagi, 1974;

Bhaskar, 1975, 1976, 1980), and I. parviflora DC. (Khoshoo,
1966). A special case of this wés repos:ed by Smith (1938)

who found that spontanecus triploids of L: balsamina L.(2n = 21)

when backcrossed to thelr diploid progenitors yielded tri-

somic offspring.

Primitive Basic Chromosome Number

The extensive cytoevolution inIImEatiens.(g = 3 to 33) has led to
conjectures as‘to which of these numbers was the original basic
chromosome dumber of the. genus. The most frequent hypothesis b;s
been g = 7 (Warburg, 1938a,b; Khoshoo, 1955, 1957;‘Jones and Smith, .
1966; ChatFefjee and Sharma, 1979), although x = 10 was proposed by
Bh;skar (1975). All of thgse'conjecﬁures are ba;ed on three lines
of argument:

1. \The Balsaminaceae is a geranialian family and that the
' ' !

|
7 is the most frequent chromosome number in Impatiens; and

original chromosome numb%rzof the Geraniales was x = 73

2. n
. B

3.

7 is the lowest chromosome number which occurs-witﬁ any

significant frequency in Iﬁgatiens.
Obviously, the second point has not withstood the test of time.
With Ean<\more chromosome counts, n = 8 has been found to be more

-

frequent than n = 7. More recently, Raven (1975) in a review of the



-
cytotaxonemy of the Angiosperm;f‘suggested that x = 8 may have been
the primitive basic chromosome number of Impatiens because n = 8
‘has been reporteé-in szrocerg Blume, another genué of the Balsamin-
aceae, which he“thoughtfwas p:;haps mofe‘primitivelthan ImEatiéns.

Only 257 of the species héve at least one chromosome number
determinaﬁiqn and therefore, it is premature to discuss most frequent
or lowest chromosome number. Moreéver, thg_question of the'original
cgromosome nuﬁbe; ig Impatiens will have to await a more extensive
survey of chromosome numbers in the genué, "accompanied by a phylo-
genetic sequence based on morphologicai characters" as was pointed

-]

out by Khoshoo (1957). With respect to this last point, it must be

emphasized that, with the exception of Bhaskar (1975), no author has

even attempted to discuss chromosome numbers in the context of

A
-

‘taxonomic categories above the species level. Bhaskar's results
& T . J .
in terms of numbers of speciés for which he determined the chromo-

some number represents an enormous advance in our knowledge of

chromosome numbers in Impatiens. %ithout detracting from his
achievements, it should be noted that even among the Deccan species
nearly half still have not had their chromosome numbers determined

and in several groups only a few species have been counted (Table

4 and Appendix 2 to this Section).

. b A

Cytogeography

Jones and Smith (1966) prpﬁosed a relatively straightforward

pattern to the cytogeocgraphy of'ImEatiens based on the data avail-

able to them (Fig. 2). In the Himalayas were found species with

n=17and n = 10. WNorth of the Himalayas all the native species are

s
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Table 4

Percent of the taxa in South India on which chromosome number
determinations have been carried out

Number of taxa
with at least one

chromosome number Percent
Secgion Total? determination of total
Scapigerae : 20 ‘ C12 : . 60.0
Epiphyticae 7 1 14.3
Annuae 3c : : 13 ' . 43.3
Micreﬁepulae . 2= 10 . E 41.7
Tomentoség ‘ 3 | . - 33.3
Subufnbel.latae 19 13 - 68.4
Racemosae C 4 . 2 | » 50.0
TOTAL - 105 54 51.4

L4

aNumber of taxa = species, hybrids, and varieties recognized by
Bhaskar (1975), plus I. ureolata Bhask. (mss'!) and 1. nairii

Bose (mss!). A <
*
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Figure 2

Cytogeovgraphy of Impatiéns as proposed by Jones and Smith (1966)€¥b

0-0,08,24

I
Wz'“

% : ) .
n =7 in South Africa was ignored in the discussion by.Jones and Smith (1966) as being
anomalous, and therefore, cutside the normal range for this cytotype.

SLT.
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based on x = 10; To £he south,fhe Indian subcontinent contained

' species with haploid chromosome numbers ofn = 7,-10.and 20. " They
postulated that the species gf Southeast Asia were based on x = 7,
8, 9 or 10, and that the x = 7 spec;es reached their eastern limits
on Java and their western limits on Madagascar.‘ The Africam and
Papuasian species were all based on x = 8: but included many

polyploids at the geographic limits for the genus. Thus only in

Southern Asia was there a mixture of basic chromosome numbers.
“r

Unfortunately this pattern haé not withstood the ﬁest of time as
.more chromosome number deteéminations have been carried out (Fig. 3).
In terms of basic chromosome numbers, the bnly fegions wh@ch'appeaf to
. be relatively staBle are Papudsia,.the'western Himalayas and sthe
North Temperate Zone.

From-a.cytogeoéréphic point of view the only regioﬁs which have
Qeén well studied are the Deccan Peninsula, Papuasia, and the ﬁorth
Temperate Zone {Table 5}. Of the 105 Séuth Indian ImEatiéng taxa
recognized at present, 54 (5&.42) have had at least one chromosome
nuﬁber determination. The high percentages for Papuasia and the
North.Témpérate' regions are a refiection of the small numbers OE”
species found in these reglons. In contrast, less than 207 of Ehe

& .

speéies native to gfrica, Sri Lanka, ‘and the eastern and western
Himalaya have had their chromosome number determined. And finally,
_virtually nothing isg sFill known abopt the distributionloflchromoscme
numbers for the Impatiens species of southern Asié ekclusive of ©

New Guinea.

-
.

P



{

L(igure 3

Revised cytogeography based on additional chromosome

number determinations since Jones and Smith (1966)
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Percent Chromosome Number Determinations of Impatiens

‘Species by Region

Table 5

‘

Number Percent
' Region of taxa? of total
African 15 ‘13.6
Ceylonese 1 4.8
Décéan 54 51.4
Eas;ern Himalayan 12l‘ lé.O
Western Himalayan 16 59.3
Papuasia i 4. 100.0
North femperate 10 83.3

--aWith at least one chromosome number determination.

h
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‘soon became evident thatéjpeﬁygrious cytotypes were not uhique;y

" other karyological aspects {chromosome number, gametogenesis,

. o . - o 179

KARYOLOGICAL STUDTES

‘Very little is known concerning karyotypes in Impatiens; the
majority of studies have ‘dealt only with chromosome number determina-

tions. After exgmining the distribution of chromosome numbers, it

i -

derived; that is, all the n = 8 cytotypes do not représent a single

clade, nor do ;he.g = 9, and’ so on. Each cytotype appears to have

arisen several times independently, a fact which has es@aped most

cytot'axonomists who have chosen to ignore the morbho—phepetic aspects .

of Impatiens. If this hypothesis c0ncernin§ parallel cytoevolution

is éorrect, cytological data only become fully meaningful if each
. 34 - . _

chromosome of the complement can-be identified. TFor this reason,

-

the main goal of the preéent study was to explore techniques for
identifying individual Impatiens chromosomes. Examinatiom of
) h .

~“

chromocenters) was somewhat secondary.

Cytological Technigues Used in the Present Study. .

. -

Somatic chromosomes were mainly studied from root, tips altﬁbugh

chromosomes in apical meristems and tapetal tells were also observed.

o ‘ ' .
_From the beginning it was evident that root tips froém potted plants

. -

were too poor in quality and showed too little activity. After
several procedures were tried, it was found that the best results

werc®obtained by the folléﬁing technique:
e .

N

1. Cuttings 8 to 10 cm in iength were dippeﬁ in rooting hormone

("Seradix 1“); : _ : .

-

2. Treated cuttings were inserted into a "Promix" substrate

4



N

.in a mist'framé)(with misting:regulated to one minute °

[
- .

every ten minutés) and bottom heat‘supplied by,héatingr

coils beneath the substrate. ' o

. #

3. When initiation of root growth was observed, the material

was ‘transferred to glass containers which were filled with

+

half-strength Hoagland's soiution (Hoagland and Arnon,

1938). Full-strength Hoagland's was not.used because it

was found to cause an. apparent disintegfation of the

chromonemata, No such effect was observed with a more

dilute solution,: h o .

B 4. The solution was aerated by means of flexible plastic ,

.tubing, and air flowwas regulated by means of Iaborator&
clamps (Fig., 4). It was later found that by using fine-

lbore-flexible plastic tubing with a bore size of 0.794 mm

ghd a wa11 thickness.of 2,38 mm, the clamps were uﬁneéessary.

I -
-

5. Initially, rooted cuttings were placed on fine-mesh plastic

scréening which was stapled to a wooden frame for support.

-
.

The resulting tfay was filléd‘wiﬁh vermicul}pc, the‘plants
were inserted in thelsubstrate,.andiyhe roots aliowed to
grow.through'thé mesﬁ. It was found‘tpat during peri;ds;

of high temﬁerathes, the water level bften_fell unpredict-
. ably exposing the roots. to dessication. Subsequently, ;hg
cuttings were floated on the surféée_ky means of styrofoam
dis;s (50 to 55 mm in diameter).prepdrcd from large sheets
0.5 cm iﬁ thickness. The rooted cuttings were iuserted'intq
the holes cut in the.center of each,éing. This technique

resulted in improved rootigrowth. This -up i

L)
- 'r-;n-h..'-'"‘-n.wi-'m
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Figuré'4

ROOT CULTURE OF IMPATIENS

.
-

Originél.apparatus in which
cuttings were on a screened

frame filled with vermiculite.

Modified apparatus, using

styrofoam di%ks. ” |

r .

]
Roots ready for harvesting.

»

Note anthocyanins in root cip.
This cHaracterizes all Impatie
species which do not have an

albino flower.






. little chromqsome:morphology.

L. illustrated in Fig. 4,

1.After a series of preliminary experiments involving varying

la‘

concentrations; tempetatures, and times, the following.schedule

. \
- '

was used for making preparations of somatic material? o
. 1. Pre—fixation in 0.003 M B-hydroxyquinoline at. 12—16 c

for 1.5 hours in‘thq dark. 'I".. y

Two mitotic arrest agents were tested as pretreatments Eér‘
increasiné the number of prometaphase and me®phase figures. Aﬁ

firet‘g.075-0:g22 colchicine WA useﬂ_ﬁé;,eneltedtwo hours. évee
aﬁ the lowest concentratione, and tﬁe shorgest-time petidde, .
metapheselehromosomes clumped. Accerding'eo Dustin (1578),A

colchicine'inhibits spindle movement withoue'dest}oyieg the sp£n31
‘fibers. Consequently, it was suspected thet'tﬁe spindle fibers‘

perhaps were interfering with chromosome spreading. Furtheérmore,

it was found that Sharma and Sharma (1972) réported_t%?t colchicine

may cause unequal Contraction of .chromosome arms. , Therefore, it

-

was decided to replace'cblchicine~with B-hydroxyquiqoliné which

-

had been reported to-be a successful mltotic arrest aﬁgnt for

Impatiens chromosomes (Khoshoo, 1955 1958 Jones and Smith 1966).

It wae found that if 8-hydr0xyquinoline was used for periods longer
than 2 hours, the Pesulting metaphases JLre so contracted as to

be only suitable for determining the chromosome number and revealed

R S
-

r

- —_—N e
Two agents were tested on.I. leschenaultii (2n = 6} in order to

.enhance‘Hy-banding. Treatment‘with trichlomacetic acid following

~

the schedule of Sharma and Sharma (1972) did not. result in iﬁproved.

differentiation. Cold pretreatment carried out as outlined by

L) . "
]

. . .i;\



- Sharma and’ Sharma (1972) resulted in the appearance of se large a

-numbkr” of bands that at this stage it was impossible to analyze
. ) [

. 184

" the paqtérn. It is thought that this'may prove a useful technique

r

;hce the chromosome morphology is better undgrstood. \

ﬂ2;' Root tips were Qashed i; running water-éor 15 minqtes at
room temperaﬁure an§ immédiatgly_transférrgd to_parnoY'g
'ﬁluid'(3:l: 95% ethan@l: gléc;al acetic acid) for'lﬁ\hours,

‘and then rinsed again in runninglwater for.IS minutes.
" R f . N » .

3. Root tfﬁs were placed in 0~l N HCl for 1 minute.gt room

.

. temperature and then hydrolyzed at’ 60°C for 10 minutes.

L)
-

For times less than six .minutes pd staining was observed;

for. times of more than 15 minutes the chromosomes stained

. ' L4
uniformly and no ‘Hy-bands-were observed.

4, -Ropt tips were washed for'S minutes at room temperature.

+ 3. Staining' was carried out in basic fuchsinf(Egulgen's

reagents) which is DNA specific (Darlington and La Cour,

1976) for 2 hours at room temperature in the dark.

6. Material was washed in running water fdr 15 minutes
- i ’

folléwed by three changes of §0, water (LYve and Lbve, 1975)
- : "
for 5 minutes each and then again distilled running water

for 15 -minutes and stored in distilled water for up to 24

Jours, 1If maintained longer, it was stored in 701 ethanol

at DO‘Q 3%, - .
7. Root tips were macerated and c}eare& in a. drop of 45%

acetic acld by heating over an alcohol laﬁp. Uncleared

. -

~cytoplasm was found to be extremely granular. Several

‘clearing agents wers used'igtluding BB-4%, clove oil, lactic
‘ Y '

. G

4
i
F)

!
¥
:
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acid, IKI-4%, PP-4%, and PPBB-4%, (Radford: et al., 1874). <

' BB-43 was the most successful as a cytoplasmic dlea;ing_

,' ‘agent,:but leét a tranéluce&c film on Ehe chfomosomes:
which obscured the-Hy—bands."Acetic acid wag found not
" to have this drawback énd.tﬂé.cléaring|w;s quige

satisfactory as long as the chromosomeés were heated for

.

» ' i
‘at least 15 seconds. The meristematiq tissue was then

. [

éarefuilj teased with an insect pin, and the resulting

suSpension‘aspirateﬂ with a 10 ul'syfinge to further
* : L . .
' ~ facilitate separation of the cells, Pectinase was not - -

used as a macerating-agent because it has been implicated

in }oss of chromosome banding (Darlington and La Cour,
N .

1976; Shankland, 1975), Preliminary studies using 4%

Pectinase for 1 to 2 hourss, at 20°C indicated that this
- . o

“is the case in Impatiems. . .
. ;' - + . : . . . *
.8. The preparation was mounted with a coverslip, As an aid
. * . l. i .
-to spreading and flattening the chromosomes, the slide was

L

placed in a Ikonen micro—pfess set for a pressdré of "9",
which was just below the breaking point.of the slide.
\ ‘ ) . . M
9. The preparation was examined under a microscope and if
. . .

staining was found to be inadequate aceto-orcein wal

added apd gently heated over an alcohollamp.

It was often difficult to obtain.good staining of the chromo-

somes using basic fuchsin alone. Various procedural modifications

for improving staining with basic fuchsin have been pfoposed by )
: .

L¥ve and L8ve (1975). None were found sucgeésful in the present

study.

o



and the coverslip was sealed with gum arabic m}xture. .

' made only from root tip cells. TForsthe construction of

The preparation bas again squashed in the micro—press_'
] .fr

s

Examination of the slides was carried out immediately
' i ' '
and photographs taken of the‘figures with a Zeiss s

" photomiéroscope using phdse contrast optics.

In addition to pnotomicrographs; a drawing apparatus,

was used to prepare.karyotypes of the somatic chromosomes

of a number of species. Somatic thromosomes were T

‘observed in tapetal cells, but ‘karyotype analyses were

»

.
. .

1 v . L T
idiograms, measurements of the entire chromosome 'tomple--

ments were made for ten representative species on’'up to~”
' ’ :
15 cells for each species. The chromosomes are drawn tq

,. scale as percentdge of total complement length (TCL) and

L

the total complement length is represented by the ordinate

.in the idiograms,which follow. The chromosomes ‘are drawn

in decreaging size with the long arm towards the abcissa,

The* centromere region is:represented by a clear-central

Lo

region which is given equal spaciné‘for each chromosome,

The measurements for each chromosome include the centromere

iregion but not the satellite for those chromosomes posses-

sing satellites, The percentage TCL was calculated by

1

dividing.#hé total length of,each chromosome. pair by the
e . a4 . » .

‘total lenéth of the :chromosome complement and multiplying

. . .
‘the quotient by 100. " The ratio of the long to short arm of

a chromosome (L/S) wds calculated by dividing the averagé -

of the two short arms of one pair into the average of the
. . ) .
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[N . n

tﬁorlong'arms. The L/S calculation giveslg,;éﬁiolﬁhich

. indicétésvtpe'éhapé of ;he cﬁfomosome (meta;entfic or | L
;ubmé:acenhfié).' }gngths of the chromosomes in miérbmetefs‘.
were calculated from actuﬁl measurements pf th% dhromggomés:

-

The'bar drawn beiow each karyotype represents ten micrometers..
~ In addition, Giemsa banding of somatic chromosomes
B . * [] .

. was attempted using ﬁhe'séhédule of Darlington‘ana La Cour -
. . 1 % .

*

(1976) and Shankland and Grant (1976), and staining for

NORs following the silver nitrate technique of Berardino et

al: (1979). These techniques were not successful,

-
’ »

F?r studies of meiosis and pollen mitoses only 'the following

-
4

‘modifications were required.
1.  No. pretreatment was.used since it was fdund that cold and

-

8=hydroxyquinoline did not intrease the number of

. metaphases,

-

- 2. Hydrolysis was carried out for 20 minutes rather than 10

.
-

minutes. | R

L

3. Anthers were dissected out, the pollen squeezed out of the
sacs and all the vegetative tissues were discarded.

4. Slides were examined to determine the stage. If it wé%)a
stage earlier than quartets, the material was gently |

-tapped'tb improve?spreading. If later, no pressure was
applied because this often shattered the exine and
inéerfered with observation of the chromosomes.J<;£e fifét

and second pollen mitoses were viewed under light rather ‘than

phasé contrast optilcs because under the latter the refl%Ft7

-
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ance from the exine hindered a clear image of the cell

.content. - Since the fully developed exine in Iméatieqs is .

highly-sculptﬁred'af méturity; it is never possible to

. -

make chromosome number ‘determinations for 411 or even a

'majority of gemerative nuclei in a“specific samplé,‘

Khoshoo: (1956) 'attempted” to solve the difficulty using the
‘ | _ N L ‘
enzymes Pectinase and Clarase without succegs. - In the

- present study, Dirsolase also failed to achieve the

desired results. )

e sl
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_ RESULTS :
Py . ) . . . . ) ) . ) .
_ Chromosomes of Impatiens species were observed in both mitotic

and melotic tissue. Figure 5 illustrates a typical mitotié division

Ny .

while Fig. 6 is a representative meiotic cyecle. In poth cases, the ' .

species used is_g, leschenauléii Wall. (2n = 6) from material

collected from Dodabetta Peak in the Nilgri Hills of South India.

Y | .
' Ghromocenters

.

.

-
T

. _ A L . . )
Chromocenters were abserved in both mitotic and meiotic .

interphases of all species exémined:' A sample of these is

.
.

illustrat;é in F?g. 7. In.genéra%,,the‘hhromocenéers are-very'large,,a
déep—staining 50&1&5 which to the untraine& eye resemblg‘highly
contracted métaphgée éhromosomes;: They are, in fact, so prominent
that rdoE tips not undergoing division stain erongly with' basic
édchsinf' Occasionally,.in.a specific preparation, éhromocenfers

show poor fesolution. It was not possiblé.to determine what
pﬁysiol;gical or technical‘fagtors.w§Ee responsible. It was Qyident
that the number of chromocenﬁers‘was greater than';he.number of .

chromosomes. Attempts to relate the number of chromocenters to

the number of apycnotic blocks observed in prophases and metaphases of

I. le§chenaultti Wall. (;g = 6) were unsuccessful., This Species waé
selected for éhié parqfcular analysis because the ﬁumbef'of chromo-

somes and,heterpchrodhtic segments is relativély small in comparison
wiﬁﬁ the other speéies studied._‘ |

Chromocenters in the last interphase preceeding microsporogenesis

appear different from those of other somatic and meiotic divisions,
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Figure 5
Mitotic cycle in Impatiens lesohenaultii ﬁall,
Ll
' ’
A

“*

K]
. ! \

(2a = 6)
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‘e Figure‘é6

Repreoentative Stages of"Meiosis in Impatiens leschenaultii Wall.

[
L]

"In the prophase stages (zygotene - pachytene) one chromosome

mayxggiseen associated with the nucleolus. The dark swelling at,

the point of attachment to the nucleolus is the nucleolus organizer

of the two synapsed. homologues., In the second pachytene picture,

.the chromosomes are clearly double-stranded and chromomeres are

prominent along cho chromosomes.
In diakineoio, five to six chiasmata are present. .
In interkinesis;a complete Breakdown of the chromosomes betwee;
the two meiotic divisions does not occur.
In the quartets, chfomocenEers‘ﬁay be observed:

In the prophasé of the first peollen mitosis, there is some

evidence of banding.
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Figure' 7

s

. Chromocenters in some species of imgatiens

- - -

2

X The?e'appear as dark staining bodies in interphase. Note that
P . : A

in some figures they are more distinct than in others. .

Figures

1, and 2. I, clavicornu (Scapigerae), tapetal cells.

P

3. 1. modesta (Scapigerae), tapetal cells.

4. all 5, 1. leschenaultii; 4, tapetal cells; 5, somatic cells,

rbot tip.
6. I. repens, somatic cells, root tip.
7. 1. parasitica, quartet cell.

B :l. niamﬁiamensis (Impatiens gomophylla aggregate), cell in last

premeiotic interphase,

9. I. flaccida, interphase at beginning of meiosis.

‘ lQLi:ij ElatFpetala, somatic célls, root tip. _ ) o

11 sodeni (Impatiens walleriana aggregate), quartet cells.,

127:)13 walleriana, somatic cells, root tip.
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in that they .are differentiated into short strands. Occasionaily,

' Ise.ver_al threads arise from a single locus forming a'stel_lar config-

.

uration., This is seen in I. niamiianensis in Fig, 7, No. 8.

Chromosome Number Determinations

These are given in Tébléfé; seleéted examples of melotic .
metapﬁaseé afe shown in Fig; 8: Métaphases in somatic tissues df'
some Impatiens species are shown in figs. 9, 10, 11 and ld, The
following observations should be noted:

. 1. Chromosome numbers are reported for the first time in o
'-}, einnabarina Grey-Wilson‘(ﬁ = é; Zé =-16); I. coelotropis
Fisch. (2n = 34), I, dalzellis Hk.f. and T. (;ﬁ = 16)
2. flanaganae Hemsl, (gé = 16); 1. gordoniiHogne (é_= 8,
2n = 16), I. pulcherrima Dalz. (n = 6,.25 = 12) and

" 1. usambarensis (2n = 16).

ﬂ;f;)-New chromosome numbers were found in.some'species for which
. chromosome numbers héve been reported previously;
a. 1. godghii Wt., 2n 5 40; previously reﬁorted to have
"n =10 #iayarama Red&y, 1941;'Bhaskar and Razi, 1572—73,

. 1§74; Bhaskar, 1975, 1976), and 2n = 16 (Rao, 1973b).

+

b, 1I. parasitica Bedd., n = 7 (in addition to m = 9; 10)
which was p;eviqusly reported as having the latter
numbers by Bhaskar (1975, 1976).

(e c. L. viscosa Bedd. 2n = 32, whereas Rao (1973b) reporteJ
2n = 16; and Jayarama Reddy (1941), Bhaskar and Razi
f1972—73), and_Bhaskar (1575) reﬁorted n = 10.

3. Both I. baléamina'var. azaleiflora and I. balsamina var.

camilliflora were found to be 2n = 14, in contrast to the



Table 6 - : o

Chromosome numbers determined for Impatiens species

Species n 2n ’ - .. Source
I. balfourii Hk.E. 7 14 _ Botanic Garden, Besangon, France
I. balsamina L. var. rosea Hk:fﬂ 7 14,28 Khandala, Maharashtra '
var, balsamina L. 7 14 ﬁahableshwaf, Maharashtra
var, coccinea ﬁk.f. 7 14 _Ootacamund,'Tamil Nadu )
var, 'azaleiflo;a' ' .—_ .14 ‘s,agpitivar, Pocha's Seed Farm, Pune, Maharashtra’
v;r. tcamelliflora’ - - 14 cultiva;,,Pocha's éeed Farm, Pune, Maharashtra
E,.cinnabarina.Grey—Wilson - 8 16 Royal Botanic Gérdens; Kew (Africal) -
I. coelotropis Fisch. : oL 34 ‘Rajmalai, Kerala ' '
I. cordata Wt. * | - 20 . ) Munnar, Kerala
I. cusé}data W.& A, ) - 7 14,42,56,98 Lamb's Rock, Coonoor, Tamil Naau ' .
1. dalzellii Hk.£.& T. . - S%, 16 " Mahableshwar, Maharashtra T
1. flaccida Arn, var. flaccida -- 7 i4 ’Kéndy, Sri Lanka \ Do
I. flaccida Arn. cv. 'alba' . 7 i ’ 14 & . University of Ottawa (S.E. Asia) o
1. flanaganae Hemsl. . . - 16 : Royal Butahic Gardens, Kew (Africa)
I. gardneriana Wt. .= 16 Calicut Dt.; Keralé

Table cont,d.

00¢

+
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Table 6 cont'd.
Species . ] * A= 2n Source . o
. . ' Y - N
I. gordoni Horne . 8- 16 Royal Botanie¢ Gardens, Kew (Seychelles)
I. goupghii We. ' , - 40 Kodaikanal, Tamil Nadu
I. hawkerdi Bull ’ 24 - ‘Royal Botanic_Gardéns,'Kew YPapuasia)
I. hookeriana Arn, - 40 Royal Botanic Gardens; Kew (Sri Lanka and '
- ) Deccan Pen.) -
- 18 Coonoor, Tamil Nadu '
1. Kleinii W.4& A. - | - 16 Khandala, Maharashtra
4 . . . N ) ) .
I. leschenaultii Wall. : 3. 6 Dodabetta Peak, Ootacamund, Tamil Nadu
- . . . o | \
3 6. Woodhouse, Ootacamund, Tamil Nadu
I. levingei Hk.f. Pl - 16 Lamb's Rock, Coonoor,Tamil Nddi'
I. maculata Wt, - 20 Upper Vagavurai, Kerala & R
Impatiens cv. 'Miss Swiss’ - - 16 Ottawa Research Station _
I, niamniamensis Gilg. _ 16 32 Royal Botanic Gardens, Kew.(sdhrce: Entebbe
Bot. Garden) . )
. - ' AW
'I. oppositifolia L. ) ' - 16,32 Mahableshwar, ‘Maharashtra
' : T )
I. parasitica Bedd. : 1 7,9,10 20 Rajmalai, Kerala S

Table cont'd.

»
LY L
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Table 6 cont'd.

Py

sk

Species n 2n Source
I. parviflora DC. 13 - " Montreal, Staynor ‘Park
I. platypetala Lingdl. 8 16 Univ, of Ottawa (Indonés_iay
I. pseudovigla Gilg. - 16 - Royal Botanlc Gardens, Kew {Africa)
I. pulcherrima Dalz. 6. 12 Fritzger.ald'Ghat, Maharashtra
1. repens Moon ' 7 14 Ottawa Research Station (Sri Lanka) °
' | 7" 14 Royal Botanic Gardens, Kew {Sri Lanka)
I. scabrida DC. 7 14 . _Botanic Garden; Besangon, Framnce
' ) 4
I. sodeni Eng.& Warb. ex. Engl, )
{(flowers white) - 8. 16 Royal Botanic Cardens, Kew (Teita Hills,
Kenya) _
(flowers lavender) 8 16 Royal Botanic Gardens, Kew (Africa)
1. usambarensis Grey-Wilson - 16 Royal Botanic_Gardens, Kew (Africa)
" 1. viscida Wt. 8 16-7 Silver Cascade, Kodaikanal, Tamil Nadu
1. viscosa Bedd. - 32 Calicut Ijt., Kerala . .

Table cont'd.

20¢



"“Table 6 cont'd,

(double-flowered)}

Species n 2n Source .
A
I. walleriana Hk.f. . grmu/
= rrens . . . )
(single~flowered) 8 16 cultivar, Atwater Market, Montreal
- 16 cultivar, Sheridan's Nursery, Montreal

-lRegion in barenthesis indicates

area wher€ species

is autochthonous,

€0z
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MEIOTIC METAPHASES IN IMPATIENS SPECIES
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I. parasitica, MI, n = 10
X750 X 1340

I, cuspidata, MI, n

=7 I. niamnjamensis, MI, n = 16
X 890 X 1060

I. pulcherrima, MII, n = 6 I. flaccida, MII, n = 7
X 900 X 785
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SOMATiC METAPHASES OF VARIOUS IMPATIENS SPECIES
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Figure 10

VARIOUS IMPATIENS SPECIES

SHOWING CHROMOSOME COMPLEMENTS

by



1. gordoni, 2n = 16,
A 1380

Miss -Swiss, 2n = 16,
X 1430

h -
. w-
. o
oomeaT
e -.'-,'-l'_“.?_ . K
<y Pr B )

REAYERL Ty
" = .‘7,_.;-.. - I-’!
‘4.',{1 .f‘-'::-,l._: ',?-l'_?. M,

B 2 " N
s m’%."k PloAt el i,
% i
- i 2 )
v N, yv N
A

rﬁﬁ#}‘ t “J-‘:-:";:.}"“t;’ o

l Eulc;herrd.maRZ_r_l_ = 12,
X 585

I. maculita, 2n = 20,
X+ 1670

1. oppositifolia, 2n = 16,
X 1330 :

I. walleriana, 2n = 16,

X 1030

211



Figure 11

SATELLITE CHROMOSOMES IN SCME IMPATIENS SPECIES

I. flaccida , 2 satellite chromosomes
I.-repens, 2 satellite chromosomes

I. niagpiamensis, 4 satellite chromosomes

I. sodeni, 2 satellite chromosomes

I. usambarensis, 2 satellite chromosomes

212
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I. flaccida, 2n = 14, ~ I. repens, 2a = 14,
X 1225 | 1085 ’

I. niamniamensis, 2_:1 = 32,
' X 850 ’

I. sodeni, 2n = 16,

X 1740 .

I. niamniamensis, 2n = 32, I. usambarensis, 2n = 16,
X 1225 N X 1800
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report ‘of Raghuvanshi and Joshi (1968)'that the latter has

a somatic chromosome number of 2n = 16.

4, Mixoploid counts are discussed under a later section
(Endopolyploidy).
KARYOTYPES

Satellites

Satellites were observed in 1l species of Impatiens and these

are enumerated in Table 7 and illustrated in Figs. 9 and 1l. ' The .

following results should be noted:

1.

3.

In sevel®of these species, the report of satellites is made
for the’ first time.

The presence of two satellites in I. balsamina L. and

I. flaccida Arn. are in agreement with previous reports
(Smith, 1938; Chatterjee and Sharma, 1970; Jomes and Smith,

1966).

In one species, I. niamniamensis Gilg, four satellites were

observed (Fig. 11), whereds the only previously published

karyotype (Jones and Smith, 1966) showed none.

In four species, I. cuspidata, W.& A., I. leschenaultii Wall.,

I. Euléherrima Dalz., and I. wallériana Hk;f., no satellites
wére observed. In the last gpecies, Smith (1934) réported
seeing two.,

The specific chromosome of the genome possessiné a satellite
was found to vary betweea species (Table 7 and Fig. 12).

Presence or absence of satellites was not correlated with any

particular cytotype, although one species, I. niamniamensis

&
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‘Table 7

Number of _satellite'chromosomes observed in Impatiens -species

Chromo_s.ome . \aN;.xmber of - i Number of

number satellite Previous chromosome

‘ (2n) . chromosomes report containing

Species . : ‘ satellite 2
1. 1. balsamina’ 14 2 2 -
2. I. cinnabarina l ( 16 l 2 . - T3
3. 1. cusEidata’ ' 14 . | . 0 i - =
4. 1. flaccida . s ! 2 C o "3
5. I. gordomi - 16 ' 2 . .- - 3
6. 1. leschenaultii 6 | 0 - -
7. I. niamniamensis 32 4 0 -
8. INpulcherrima 12 S0 R -
9. 1I. reElens . 14 2 - 5
10. I. sodeni 16 2 e 7
11. 1. usamparensis - 16 2 - 7
12. T walleriana 16 Y0 2 -

lvar. vulgaris, ' ) | '

. 2C'ru:omosome.‘.; r;umbered according to length; chromosome number 1 is
- the longest chromosome in the complement.

-
L4
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- Gilg wifh a high chromosome number (Zn = 32) was found to-

have two pairs of chromosomes with satellites-whiqh suggeéts '

that it is a euploid taxon. > .-

*

General Morphology

For ten species of Impatiens there were a sufficient numbér of
good metaphases to permit analy;gs of karyotypes and preparation of
idiograms (Fig. 12). Additional karyotypes are illustrated in'Fiés.
9, 10, 11 and 14. The data which were used in the preparation of

the idiograms are given in Table 8, and a comparison of the total

length of thé compiement vs. chromosome number is given ih Fig. 13.

The following taxonomic Felationéhips have been proposed for the

Y
taxa under discussion:

+ .
- r
*

1. 1I. cinnabarina, I. usambarensis,.l. walleriana, and I. sodeni

™ A
@ are all members of the I. walleriana aggregate.. L. waller-

-iana and I. usambarensis are'sibling species, and 'I.

cinnabarina is of hybrid brigin derijved from.l.'walleriana
and I. hamata (of which no material was available) according

to Grey-Wilson (1980g).

2. I. cuspidata and I. flaccida are sibling species (Hooker,

1874-75).

3. On the contrary, I. cusgidaca‘and I. leschenaultii are

sibling species (Bhaskar, 1975).

4. The remaining species, I. pulcherrima, I. gordoni, and
. .

I. repens are not thought to Eé related to each other or to

any of the foregoing species.

The results of the karyotypic analyses can be summarized as
R )

N
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IDIOGRAMS OF TEN SPECIES OF IMPATIENS .
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Figure 13

COMPLEMENT AS A FUNCTION

OF CHROMOSOME NUMBER

" 220
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follows:

1.

. 222 -

No karyotype_waé wholly symmetric. Baseﬂ%ﬁn the arm ratio,

b

L/S" (Table 8), the chromosomes ranged from metacentric to .

submetacentric [on the scale_prdvided’iﬂ“L an et al.

C(1964)] .7

Sufficient karyotypic differsnces were‘oBserved between’
individual species to suggest that chromosome morphology
can b¢ developed into a useful cytotaxonomic tool,

No distinct affinities in karyotype were observed between

L]

the taxa which are supposedly closely relatéd, but the

following points were noted:
a. There is a general similarity of karyotypes in the
I. walleriana aggregate. On the otﬁer hand, it does

not appear that the karyotypes of I. cinnabaring,
{ L. cinnaparing

. . L
1. usambarensis, and I, walleriana are more similar

to each other than they are to the supposealy less
closely related I. sodeni.’ THe analysis was compli-
cated by failure to observe satellites in 1. waller-

iana as was reported by Smith (1934), ;.

b.. Impgtigns cuspidata‘andll. flaccida show éome
similarity in karyotype particularly if it could be
shown ﬁhat chromosomeol of.;, flaceida is homeologous
to chromo;ome 2.of I. cuspidata and that chromésome 1
of I. flacecida and chromosome 2 of I. cuspidata differ
by a translocation, although this still would not .ﬂ

explain the absence of a satellite in the latter.

c. No similarity was found between the karyotypes of



Karyotype analyses. for ten Iﬁgatiéhs species,

Table 8 :
TCL = total complement length; L/S - long/éhopt arm ratio

=T

_ Chromosome length

ATCL

" Species Chromosome pair %z TCL L/S
4 ‘ ’ (Nomenclature) (um) - (um)

I. cinnabarina 84.52
1 17.61 1.97 (sm) 7.44
2 14.99 1.25(m) 6.33
3 13.74 1.47 (m) 5.81 .
4 13.46 1.53 (m) 5.69
5 11.32 1.26 (m) 4,78

‘e 11.04 - 1.66(m) 4,67
. 7. 9.95 . *1.39(m) 4.20

8 7.89 1.22 (m) 3.33 :

Y. usambarensis 71.28
1 16.37 1.12 (m) 5.83
2 14.39 “1.58 (m) 5.13
3 14.03 f.44 (m) 5.00
4 12.23 1.27 (m) 4.36
5 11.51 1.00 (m) 4.10
6 11.15 1.82 (sm) 3.97
7 10.79 1,00 (m) 3.85
8 9.53 1.41 (m) 3.40 -

Table gont'd.

XA



Table 8 cont'd,

Species Chromosome paig 7 TCL L/S - Chromosome length TCL
' (Nomenclature) (pm) (um) -
A ¥
I. walleriana -111,.98
1 17.34 ' 1.76(sm) 9.71
2 14,76 1.50(m) 8.27
3 13.65 1.85(sm) 7.65 :
4 12,55 1.13(m) 7.03
5 12,18 1.36(m) 6.82
6 11.44 . 1,39(m) 6.41 )
7 9.59 1.00(m) 5.37 -
8 8.48 1.09 (m) 4.75
1. sodeni . 53.34
1 19,19 1.06(m) 5.50
2 14.53 1,27 (m) © 4,17 .
‘ 3 12.79 1.20(m) 3.67 -
4 11.63 - 1.50 (m) 3.33
5 11.05 1.38(m) 3.17
6 10.47. 2.00 (sm) 3.00
7 10.47 . 1,25 (m) 3.00
8 - 9,88 : 1.13(m) 2.83

Table cont'd,

LIAAN
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Table 8 cont'd.
Species ‘Chromosome palr # TCL L/S E Chromosome length - TIQL
. (Nomenclature) - (um) E \ ~ (um)
- i , ] -
1, flaccida o . 54.00
1 "18.52 - 1.14(m) 5.00
2 16.98 1.75(sm) - 4,58 -
3 15\‘.43 1108('“) '_ K 4.17 . %
: 5 12,96 o 1.33(m) © 3,50 : .
(j 6 11.42 . 1.64(m) 3.08 .
RN 7 9.88 . 1.29(m) 2.67
I. pulcherrima :) ) . 102.32
1 i7.83 1.47(m) 9,10
2 17.62 1.18(m) : 9.02 .
\\) 3 17,20 1.13(m) § 8.80
-4 - 16.99 1.58(m) - 8.70
5 16.14 1.38(m) 8.36 .
6 14.23 1,09(m) 7.28

~ C Table cont'd.

6ee



Table 8 cont'd.

TCL -

28.98

Species -_ ' Chromosome pair # TCL L/S ‘ Chromosome length
' (Nomenelature) (um) . (um)
I. cuspidata 55.17
1 - 19.34 3.00 (sm ~ st) " 5.33
i 1 18.73 1,07 (m) 5,17 -
3 16,31 2.38 (sm) 4:50
4 12,69 2,004 sm) 3.50
5 11.78 _ 1.44Ym) 3.25
6 11.18 1.3 (m) 3.08
&/;3 7 9,97 1.36 (m) 2,75
I. leschenaultii 45.64
1 37.81 1.10 (m) 8.63
2 33,22 1,24 (m) 7.58
3 1.93 (sm) 6.61

Table cont'd.

L
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Table B cont'd.

Species o - Chromosome pair % TCL L/S Chromogsome length ; TCL
{Nomenclature) {(um) (pm)
I. gordoni' 108.30
. 1 2.44(sm) 11.84
2 2.07(sm) 7.86
<3 1.66(m) 6.80
4 1°33(T) 6.80
5° 1.19(m) 6.18 .
6 1,65(m) 5.39
7 9,30 1.11(m) 5.04 .
8 7.83~ 1.09(m) 4,24 ?
I. ?eEens 33.91 -
1 16,95 . 1.50(m) 2.87
2 15.25 1.57(m) 2.59
. 3 14.41 1.43(m) 2.44
4 14.41 1.83(sm) 2.44
5 14.41 1.13(m) 2.44 -
6 13.56 1.29(m) 2.30
-7 11.02 1.1.7 (m) 1.87
x »
_ p
= acrocentric.

m = metacentric; sm = submetacentric; st =
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I. cuspidata and I, fléccida to support thé hypothesis 2
that these are closely related taxa,

4, TCLs varied widely ranging from 33.91 to 111.98 ﬁm
.(Table 8). No trend was observed with respect to’
chromosome numbgr; Within the I. walleriana aggr;gate
all the spe;ies studied were 2n = 16, but TCLs varied

from 53.34 to 111.98 um (Fig. 13).

Chromosome Banding

Following a standard technique for staining chromésomes.with'basic
fuchsin, it was noted that the chfomoSomes differentiated into pycnotic
and apycnotic regions. It ig*eviiaqt that the pycnotic segments are éu—
chromatic and the apycnotic one are hgtérochrohatic..sﬁhe bycnotic regions.
are diffusé and bead-like in early prophase, graduéli?ﬁcoa;esciﬁg pntil at

prometaphase they form distinct blocks (which agrees with the coiling theory;

Ris, 1945; Gall, 1956; Swanson et al., 1981, p. l44). Highly contracted

. chromosomes at metaphase do not exhibit banding (Fig.5). 1In late telophase,

the banding of the chromonemata is again evident. These Hy-bands were:

o

desc¢ribed earlier b§ Grielhuber (1973, 1975) in Allium, Fritillaria, Scilla .

and Vicia. The Hy-bands in a number of Imgatiens species are illustrated
in Fig. 14, As is evident from the photographs they were observed in
both mitotic and melotic material.

- It was found that‘Hy-bands varied in differenf chromosomes of the

complement. This is illustrated using I. leschenaultii Wall. (2u = 6)

-

as an example. In Fig. 15, prometaphases from three different plants
of the*géme pophlation are shown. In each cell, the three pairs
of hoﬁologues have been identified, and it is evident that the same

general banding patternoccurs in the corresponding chromosomes of all
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FIGURE 14

CHROMQSOME BANDING IN SOME IMPATIENS SPECIES -

Note that the complement of 'Miss Swiss' is
incomplete. Arrows indicate a small dumbell-
shaped chromosome seen in African, but not

in Asian Impatiens species.
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Figure 15

‘.BANDED METAPHASES IN THREE PLANTS

OF 1. LESCHENAULTII WALL.

FROM DODABETTA PEAK IN THE

- NILGRIS
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6, homologues of three dif-
. A, X 2070; B, X 16503 C, X 3400.

I. leschenaultii, 2n
ferent plants
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threF individuals, ) _
On the other hand, at this stage;'the qualit& of banding.;s
highly variable. In a certain number of cells from the same ﬁlant
or from plants'of thé.samé species the pattern wés identical, i;
other cg;es ﬂifferendbs‘were obse:#ed, and occasionally no‘b;hding.

was evident. These problems will have to be overcome before

Hy-banding can be fully exploited as a phenetic charactér in Impatiens,

A PHOTOGRAPHIC TECHNIQUE FOR IMPROVED RESOLUTION OF HY-BANDS _
Recenély, while prepaping’prints‘of somatlic chromosomes, it

was observed ;ﬁat with.;;posure'times sultable for ord?nary.

metéphases Hy;bands, ﬁhich were distinct in the original preparation

and in the -negative, did not.appear.on the final printf This is the

result of a reduction in contras;_bgtween the iight and dark

regions of a chromosome with increasing exposure. To illustrate,

a series of photographs of a prometaphase of 1. leschenaultii Wall.
(2n = 6) have beeﬁ’p¥inted using a single negative, but varying
the exposure times (Fig. 1@). .

Figute_l6‘shows a:promefaphase printed at a series of decreasing
exposures, Homologues have been numbered to correspond with Fyose

at metaphase (Fig. 15; note that in I. leschenaultii Wall. chromo-

some 2 undergoes greater condensation between late prophase and
yetgphase than does chromosome 1)..‘A11 photographs were printed at
a co;;tant aperfufé settiné‘of f 4.0, with the e;bosure time
varied as follows:

" 1. TFig. 16A was printed at 12 seconds,

2. Fig. 16B, at 6 seconds, and

3. Fig. 16C, at 3 seconds. P



Figures 16 and 17

THE EFFECT OF PRINTING EXPOSURE TIMES

ON THE. RESOLUTION OF HY-BANDS



Figure 16
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: ’
Prometaphase of Impatiens lescheraultii printed at
three different exposure times at an aperature setting of

f 40, Figure A, 12 seconds; Fig. B, 6 seconds; and Fig. C,

3 seconds. Magnification X 1245.
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Banded idiograms corresponding to photographs
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in Fig. 16. Letters A, B, and C correspond to
photograph in which band first appeared.
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Figure l?\is the cofrESponding idiogram of the c#roﬁosomes
drawn to scale as a percentage of the total c0mp1ement>1ength (TCL)
by'the technique deécriﬁed earlier, that is:

1. Fi:: 17A = idiogram iliuétrating the Hy-bands seen in1

photograph 16A. |

2., Tig. 178, the same of Fig. 16B;

3. Fig. 17C, the same of Fig. 16C.

The letters adjacgnt to each band correspond tq the bhotographic
figure in which the particular band was first observed (i.e. A =
Fig. 16A,.B = fig. 16B, and C = Fig. 16C), 'At the longest exposure -‘
time (12 setéﬁés) only the largest héterochromatip blocks are
visible (Figs. 16A and 17A). At six seconds, nar;ow‘bands were first
'ﬁisible, énd-at three seconds édditioﬁal heterochromatic bands could
be distinguished;from the adjacent euchromatic blocks, but these
were not nar;daer than thoée resolved at £ ;econds. With expo-
sure times less than three seconds no additiqﬁal bands were note&.'

This recent disco»ury‘sh0uid facilitate greatly the analysis of
Hy—banding: ‘Naturally, thé printing times will have to be determined

- for each photograph independently. Furthermore, having subsequently

examined a number of negativeé of banded chromosomes, it is evident
that even in a single frame, the ideal exposure time will not be
the same for all chromosomes. . Despite these complications, it is

obvious that the usefulness of Hy-banding in cytbtakonomic studies

can be enhanced by this techniqué.

@ Diakinesis -

Very few cells were observed at this stage and it is postulated

/

{
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that it is egtremely short in duration. Consequently, there was -
little opportunity'to search for muitivalent formatioa. Figure 18
- shows represeﬁtative samples of diakipesis in a ﬁumber of épecies of
Impatiens. In general, bivalent formation occurred. .Possible

. exceptions are illustrated for I. cuspidata W.& A, and I. flaccida Arn.
- ‘ ‘ * '

Chromosome Aberrations

Endopolyploidy: This phenomenon has not been réporte& previously
in Impatiens, It was observed in somatic tissue (root‘meristems).of.
threé spec#és (Table 6): | ”
1. I. balsamina L. var, rosea Hk.f., 2n = 14, 28 225, 4x),
in only éne population. The aberrant chromosome numbers
have persisted for three years in plaﬁgs_grown in'thg
greenhouse.

2. 'I. cuspidata W.& A.; 2n = 14,~ 42,~ 56, and ~ 98 (2x, 6x, 8x,

l4x). -These .are illustrated in Fig. 19.

5. I. oppositifolia L., 2n = 16, 32 (2x, 4x). Tetraploid cells

are illustrated in Fig. 19.

.

The aberrant tissues were always mixoploid, In the two species

(1. balsamina L., I. cuspidata W.& A.) in which it was possible to
study microsporogenesis, there was no evidence of endopolypleidy in

the pollen mother cells,

Other somatic anomalies: A ring chromosome was occasionally seen

in I, flaccida var. alba, No_significance in evolutionary terms is
attached to this pheriomenon unless such a chromosome should become
lost (Swanson, 1957).

Meiotic abnormalities: A number of aberrations were observed in

i



Figure 18

DIAKINESIS
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I. cuspidata, X 925 L cuspidata, X 750

v

" I. cuspidata, X 675 . I. cuspidata, X 940

I.'cuspidata, X 915 ' I, cuspidata, X 560
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1. flaceida var.

flaccida var.
alba, X 1208

-I-..

1. leschenaultii, X 895

flaccida, X 1135
Y. leschenaultii, X 1050

I. niamniamensis, X 785

)

I. niamniamensis, X 665
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Figure 19

ENDOROLYPLOIDY
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gametogenesis (examples are illustrated in Fig. 20}.° These incldded

lagging chromosomes,'bfidges; secondary associations, micronuclei,

_additional cells at the quartet. stage, and poilgn grains varying. in

size. This last phenomenon was of particular interest because it
was noted in all species in which pollien was examined. Furthermore,
micropollen stained as éonsistehtly with cotton blue as did the

large grains, suggesting that the former are not sterile.

DISCUSSION

‘Chromocenters _

* .

Chromocenters were observed in all spécies of Impatiens studied.

Thus the observations of Heitz (1926) and Swith (1934) that chromo-

centers are absent in I. sultani Hk.f, and I. holstii Warb.& Eng.

(= I. walleriana Hk.f.) were not confirmed. Since chromocenters are

-~

more prominent in some preparations than others, it is hypothesized

——

that spﬁé physiological or technical factors caused the chromocenters
in their preparations to lack clarity.

No co:relation was found between chromosome numbey and number 6f
chromocenters although, in both mitqtic and meiotic ﬁaterial, it was .
found that there are more chromocenters than chromosomes, The two
only could be expected to coinéide if each chromosome contained a
single block of heterochromatin. On the contrary, as the present
study has showm, heterochroﬁatin is both centromeric and intercalary
in imgatiens (Fig. 15). lThis confirms and extends Bhattacharjya's
(1954) observations on heterochromatin in I. Salsamina L.

The anomalbus structure of chromocenters in the last interphase

preceeding meiosis as reported in I. balsamina by Chavhan and, Abel
. . N

-



Figure 20

ABERRATIONS IN MICROSPOROGENESIS
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I. pulcherrima
Bridge, Telophase I

iy
\‘..‘:Q '
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I. cuspidata

Lagging chromosomes, Al

1. Eplcherrima
Bridge, Telophase II

:'J_L. viscida )
Bridge, Telopﬂase I

I. flaccida
2 ehromosomes connected,
MII

I. pulcherrima
Lagging chromosomes, TII
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X. coelopteris

Quartet, 6 nuclei

I. platypetala

Quartet, 5 nuclei.

I.cuspidata

Quartet, micronuclei

“I. flaccida
Quartet, micronucledi’

X. sddeni
Quartet, micronucled

X. cuspidata

Quartet, micronuclei
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I. leschenaultii
Quartet., 5 nuclei

1. scdeni
Quartet, 2 micronuclel

TI. flaccida

Quartet, 5 nucleoli
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*m%ature, that all recent cytotaxenomists have ultimately based their
o, : . ' Y

K.

{1968) was confirmed, but no unequivocal evidence of paired chromo-

centers was observed. . ﬁLgir camera lucida drawing is not entirely

’ N . ]
convincing, This aspect of chromocenters needs a careful reevaluation

probably using material which has not been squashed and with

photomicrographs taken on a series of focal planes.

Chromosome Numbers

A wide range of chromosome numbers was observed in the Impatiens

) :
species studied. Seven species have their chromosome numbers reported

for the first time., The chromosome numbers of 2n = 16 in

J. cinnabarina and I. usambarensis confirms the preponderance of

»

species with n = 8 cytotypes in’the 1. walleriana aggregate. New
chromosome counts are reported for.five other species,. No evidence
was found that double-flowered forms are associated with supernumerary
chromosomes‘as was previously reported for I. balsamina (Raghuvanshi
and Josﬁi;‘léGS).

Qriginal Chromoscme Number.

Perhaps the most frequent question one is-asked concerning the

-~

karyology of Impatiens is "What was the primitive basic chromosome"
number?” In the last two years, I have come to realize ﬁhat this i;_
a problem whicg cannot be easily resolved.l I have found that Keith
Jones (Kew; persoﬁal communication) is in agreement with my posifion,
and I believe it is worthwhile discussing the various theories in
detail,

2

- It was immediately apparent in reviewing the karyological liter-

»

~ t '
' asgumption that x = 7 was the orig‘hal chromosome number in Impatiens

- -
¢ . .

el
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. on Warburg's (1938a,b) early very limited data. Actually, Warburg

merely suggested that_§_= 7 was‘possiﬁly the original chrémosoge
number, being che lowest one he had found in his cytplogical
stud&ES on eleven species (actually nine since 1. rosea Lindl, =
I. balsamina L., and I, sultani Hk.f. = I. holstii Engl.& W:rb.).
Consequently, he believed it prematﬁre to do more tﬁén speculate
on the 'subject. |

A ﬁumber:of authofs‘in,addition to Warburg, have equated the

lowest or most frequent chromocsome number .ipso facto with the

oldest number. In the first place there have been too few

chromosome number determination in Impatiens (only about 25% of the

species) Eo permif valid statements councerning the mean disfribution
of chromosome numbers, For example, Jonés and Smith (i966),favored
= 7 és the 6riginal chromosome number iﬁ Imga;ieﬁs, a:guing that
it was the lowest number in the genus whicl? cccurred with any |
frequency.(only two E_=“6 cytotypes were known). -Qubsequent
research brdught to 1igﬁt cytotypes with n'=-3 (Bhaskar and Razi,
1972-73; ﬁhagkar,-l975), n = 4 (Becﬁ et al., 1974; Arisumi, 1978,

1980a), and n = 5 (Gill and Chinnappa, 1977), as well as a number of

additional species with n = 6 (Raghuvanshi and Joshi, 1968; Shimffgu,

-

'1971; Bhaskar and Razi, 1972~73, 1974; Bhaskar, 1975, 1976, 1980).

It also has become evident that in addition to n=7 cytotypes,

n =8, and n = 10 cytotypes ;re frequent and widespread in Impatiens.
In the secona place, it is b& no means certéin that eitherAlow or
frequent chromosome numbers per se are indicative ;; primitiveness.
For exaﬁple, it has been found in Crepis (Babcock EE.EL-; 1942; Tobgy,

1943; Sherman, 1946; Babcock, 1947) and Clarkia- (Lewis, 1958)
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that the species which are the moSf.morphologically'and‘ecologically"

primitive arg'not those with

L

eiﬁher the lowest or most freqyent -

. chromosome number.’ Numerous other exanples of.redu;tion chromo-
some number in the c0ursé of evolutio;‘aré reviewed by R n.(1975);
Obviousiy,‘the most reliable index of original chromosome number

would be the number(s) associated with the most primitive Balsaminacae,
As‘was eariier discussed, these primitive species‘ﬁay have included
the following fedtures: A regular perianth with five sepals one of
which was modified into a nectary, five free and relatively equal
petals,_absence of fesupinaéion, probabljnén androecium with-some

degree of connation, and 3-colpate pollen. If this hypothesis is
.’ :

true, then the highly zygomorphic I. leschenaultii Wall. n =3

and I. assurgens Bak.(n = 5) are relatively advanced and are
probably examples of chromosome reduction. No extant species ' -
combine all these hypqtheticél primitive features. Those which

appear to be relétively primitive are the actindmorphic, psychophilous

Lot

species, The chromosome numbers which have been reported for this
group of taxa are given in Table 9. As can be seen, these are based |

onn=24,n=17and n =8, It should be emphasized that within this

group considerable evolution may.havé taken place and that only 307

of tﬁe_speciES'have had their chromosome numbers determined. If
should be noted that the n = 7 species enumeréted here do not include
any of the n = 7 Himalayan taxa which.Khoshoo (1957) and Jﬁnes and
Smith (1966) postulated were primitive and which on morphslogical
grOupds appear to be relatively a&vanced groups. There is no reason, '
at present, to believe that there is any direct ancestor-descendant,

relationship between species with n = 7 cytotypes in Africa and
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southern Asia on the one hand, and those of the Himalayas on the . .

other, Considering the degree of éneupldidy within the various

~

groups, it is likely that these are examples of .parallel evolution.
Among the species listed in Table 9, the higher numbers are

obviously polyploid, leaving_two‘hypothesés as to the original

. ' ‘

chromosome number: N |

1.l§:= 4, with n = 7 and n = 8 being tetraploids (Beck et al.,
1974).

2. x =7 or 8, with n = 4 being a reductionrin chromosome
number. Although,thé presencé of a primitive cytotype in
Indonesia is very difficult to reconclle witﬁ the évidence-
for the origin of Impatiens in Gondwanaland, it ié not
grounds for dismissing it. More suggestive is the report
by Arigﬁmi (198055 of'feduced fertility in this species.
Obviously, the problem can only be resolved by a careful
stﬁdy. | )

_With respect to the primitive basic chromosome number, one also

must consider Hydrocera triflora (L.) W.& A. which alone among the

-lBalsaminaceae is reported to have free petals. Tﬁe gametic chromor
_some humber is_g.= 8 (Darlingtaﬁ'and Wylie, 1955) a%g\this'led .
Raven (1975) to suggest that n = 8 was the original chromoLome .
number of the family. While Hydrocera apparently has some primitive
characters, in.other ways it appears quiteladvanced (as is discussed

in the final chapter), and may represent a‘casé of heterobathmy or rev-
ersal. This taxon needs further study to clarify its evolutionary
position. | . :

Thus it is evident that there is no one.species or group of
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Chromosome numbers which have been reported in species of Impatiens

with relatively actinomorphic corollas

S et of vk

Chromosome number

Speciles n. 2n
African T .
* 1. I. cinnabarina 8 16
2. 1. hamata 7 -
3. 1., pseudoviola - 8 16
4. I. sodemii . 8 16
5. I. walleriana | 8,10 16
Asianl
l; I, flaccida 7 14
2. I. gardneriana 8 16
3. L. havkeri 24 48
4..1. henslowiana 8 16
5. 1. herzogii - 32
6. I. linearifolia - 32
7. I. mooreana 32 " .. 66
8. I. platypetala .
var. platypetala 7 . 14
wvar. aurentica 4,7 \_L_/
var. nematoceras 8 -
9. I. pulcherrima 6 12
10. I. schlecteri




species in the Balsaminaceae wh}éh can bé}::gcribeA<as truly
primitive.' This is not really‘s&rprising~in algaxoﬁ which had
already undergéne major diversification before thé break up of
Gondwanaland 100 m, y. B. P. (Raven and Axelrod, 1974), Conse-
quently, there is no reasoﬁ to assume that the original chromosome

~ number of the Balsaminaceae can ever be known with certainty. The °

. i ‘
~best one can say is that certain chromosome numbers are associated

with the more primitive of the extant taxa.

A Note onn =7 and n = .10 Cytotypes

‘it has been suggested (Khoshoo, 1957; Jones and Smith, 1966)
that the'apéestors of the temperate Imgatiens we;é Western
Himalayan species (where ;ll éhé spécies for which chromosome
numbers are available have n = 7 or n = 10 cytotypes.) “All the

auto®ithonous species in the temperate zone have a gametic chromo-

some number of n = 10 except for two tetraploid (2n ='405"p0pula-

tions of I. poli-tangere L. (Skalinska et al., 1959). Furthermore,

. 1. glandulifera Royle, an introduced species into this region from

the Himalayas, is thought to.hav; had a priﬁitive cytotype of

n =10, A second sugcessful introduction, I, parviflora DC., is
known to have gametic numbers of n = 10, 12, and 13 (Appendix 1),
and so may be based;onlﬁ = 10. After collecting Impatiens in both
the.tropics and the temﬁerate zone, I noticed that in southern Asia,
the annual species have a growth cycle which coincides with the
monsoon; whe;eas in co?ﬁzgét, thejtemperate species germinate

immediately following spring thaw, Since according to Mani (1974)

the Himalayas experience both a winter with snow {(until earlﬁ April)
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"and a monsoon season- (beginning in Apgust), it wag\fhought that

perhaps the species with n = 10 cytotypeé-have some seed germination
cue which is assocfated with spring thaw, while the n = 7 cyto-
- = . .

types have a dorpancy breaking factor associated with the onset of

the monsoon, and consequently the latter could not successfully

///solq:ize the temperate zone in the absence of a monsoonal climate.

This hypothesis could not be tested experimentally because of the
difficulty of recreating a complete climatological scénerio under

artificial circumstapces. A review of the literature led to the

4 .
discovery that all ten species known to occur in Kashmir' had their

chromosome numbérs determined, but, of course, no germination data
were available. Eventually, it was found that-Blatter (1927) gives
the flowering period, and this was Lsed as a relative index of
germination date. The species were then arranged from ea%liest

to latest to cpincide.with the initiation of flowering (Table 10)}.
As can be seen, the species with n = 7 cytotypes are both cge
earliest and latest to begin blooming, and so in quhmir aré not
associated exclusively with‘the onset of the monsoon.

This exercise had one‘interesting outcome. By looking at
these species’carefully it became evidgnt thag while they bear some
morphol;gical,similarity to the .temperate speciés? they may not be
as closely related as the hypothesis at the beginning of this section

suggested., Further studies now suggest that it is likely that the

ancestors of the temperate species originated in eastern Asia.

. » . 3

KARYOLOGY ~

-

Satellites were not .seen in every metaphase plate, but in four

1

6;



Table 10

Comparison of flowering period and chromosome numbers of Impatiens species in extreme west of the Himalayas .

Flowering perioc_l1

Species Chromosome number

R N L W ; (n)

1. I. brachycentra Kar. & Kir, : - — o o 7

2. I. balfourii Hk.f. —_— 4 | 7 &g

3. I. sulcata Wall. [ E | ' 10 '

4. I. thomsoni Hk.f. - ' | . 7

5. I. glandulifera Royle - - - : ‘ 10

6. I. amplexicaulis Edgew. - ' - — . ' 10'

7. I. edgeworthii Hk,f, ' ' e : . 5,6,7

8., 1. scabrida DC. : ’ _ J i : ' 7 ! -
_ 9. I. falsamina L. - —_— 7

10. L. amphorata Edgew. ) v h-/:> —_— T ) < -7

lBased on Blatter (1927); species arranged from earliest to latest initiation of floqering.'

LY L
4,

962
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specles there was no evidence of their presence whatsoever, There

is a knob-like structure on thromosome 2 in I. leschenaultii Wall.

.

’

(Fig. l6)f but hd evidence of satellites was found in metapHases
- ] N
(Fig. 5 and Fif. 9). Based on an analysis of the idiograms, the

.

;atellgtes are not always found on the same chromosome. For .
example, in_the species Pf the I. walleriana aggregate which
Grey-Wilson (1980g) considers a group of closely related taxa, one
specie’s had no satellites (1. Qalleriana.Hk.f.5§ one had a
sagéllite on chromoéome 3 (L. cinnabarina Gfﬁ§:Wilson)kand two had

a satellite on chromosome 7 (I. sodeni Eng.& Warb. and’

I. usambarensis Grey-Wilson). liow according to Grey-Wilson (1980g),

I. cinnabarina, I. usambarensis and I. walleriana are very closely

related, Having examined all these species myself, I find no

evidence that his treatment is wrong, and I cannot see that I.

usambarensis is more closely related to L. sodeni than to the other
two species. An attempt to match up the satellite chromospmes of
thé various species was unsuccessful.’ In I. cimnabarina and

23-usambare;;¥a, the short arms of chromosomes 3 and 7 respectively

-ty

-

{which are those with the satellitesf match up suggesting that these

arms are perhaps homologous., On the other hand, the long arm of

chromosome 7 in I. usambarensis is considerably shorter than the

long arm of chromosome 3 ih_;. cinnabarina. If -the satellite

.
a »

. r
. chromosomes are homeologous, it i1s impossible to say whether this.is

the result of a translocation, duplication or deletion. This again

%

underlines the importance that banded karyotypes must play in
. ’

Eytoevolutionary studies of Impatiens.
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General Morphology

In the ten speciles for ﬁhich'sufficient material was available

for karyotﬁpe analyses, "the following observations were made:

1.

[

Chromosomes rangea from metacentric to actocentric and
. . 4] .
this confirms, in general, previous reports (Khoshoo, 1957;

Chatherjee and -Sharma, 1970) and suggests that karydtypes

-

can_be used as a taxonomic character., _

Some karyotypic evidence was found to support various

[

taxonomic ‘treatments: . |

" a..,The species of the I. walleriana aggregate have
somewhat similar karyotypes supporting Grey-Wilsen
(1980g) .

b. I. cuspidata and I. flaccida also Have somewhat

similar chromosomes supporting Hooker (1874-75).

c. 1. cuspidata and I. leschenaultii karyotypes are

very dissimilar, It is very difficult to find any
evidence in living or herbarium specimens for the

_affinity‘of these two speqies as was postuiated by
Bhaskar (1975) whose conclusions may well have been

based on a misinterpretation Af the text in Hooker
(1874-75). .
TCLs varied greatly between the species for which data were
available. No correlat;on was found between chromosome
number and TCL values. Of particular interest was the
finding that in the n = 8 species of the I. walleriana

aggrega&e there was a considerable range in TCLs (53,34 um

. ) .
to 111,98 um) which suggests that in addition to aneuploidy
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and euploidy as reported by earlier authors, cryptopolypiqidy

has beeh a factor in the cytoevolutien of Impatiens. This

v
v ¥

phenomenon is not evident from mere chromosome number

determinations, and so emphasizes the importancé of karyotype

~

analysis.

Banded Karyotypes . : -

Hy-bands were observed in a number of Impatiens species. Hy-bands
- . .. . w
have been reported in several angiosperm genera, but not in Impatiens.

In one species, I..leschenaultii Wall., each pair of homologues ’

showed a distinct banding pattern. In other species it was observed
that certain homologues of the complement could readily be matched on

the basis of their banding pattern.

J At present the results are not wholly consistant. Th¥re are

several factors to conslder. 1In the first place a greater control of

-

the growing conditions previous to fixation may result in more

consistant results, Secondly, rather than emphasizing exact matching

-

of'bands_fsr all the plants of a single species as was attempted in
this study, an effort stould be made, at least initially, to identify
bertain very distinct chromosomes and map their distribution.
Examples of such "marker" chromosomes are chromosome 2 in E; leschen-
aultii Wall. (Fig. 16) and the-small dumbell-shaped chromoéome

indicated in Fig. 14 which was observed in a number of African taxa,

but not the Asian species. A third such chromosome with one hetero-

chromatic arm and one euchromatic arm was observed in.I. balsamina L.,

* ?
1. repens Moon and a number of Asian taxa. Such an approach may prove

to be more valuable cytetaxenomically than detailed mapping of all

-
L}
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bands which severely limits the number of species which can be

studied. )

—_

Karyology as a Basis for Affinities
-

1

Two comparative studies havé been carried out on the karyology.
of families purportedly belonging to fhe Geraniales (Warburg, 1938&,5;
Chatterjee and Sharma, 19701. The fi}st of these has beeﬁ exten—
sively cited as a'basis for treating the Balsaminaceae as a geranial-’
ian taxon. Iﬁ the first place, Warburg reached no such conclusion,
but proposed instead that two hypotheses were possible:

1. The Geraniales of Hutchinson (1926) were a natural group

Wwhich included.the Limnantﬁaceae, Balsaminaceae,

. Geraniacaae,.Oxalidacéae, Tropaeolaceae; Linaceae, and
Zygophyllaceaé. In that case, based on chromosome numBers
per se, Limanthus (§_=.5) was tﬁe oldest genus perhaps

" followed by.ImEatiens.gﬁ = 77).

LY

2. The Limnanthaceae and Balsaminaceae did not belong in the
. _

Geraniales at all, and rightly should be placed in thé
Sapindales aé'Engler had done.

. Secondly, a ﬁajér objection to these studies carried out on the
cytotaxonomic affinities of the Balgaminaceae iﬁvolves their
exclusive reliance on in-group comparisons. Both Warburg (1938a,b)
and Chatterjee and Sharma (1970) studied only-those families assigned
to the Geraniales by Hutﬁhinson (1926). As-a consequénée, they have
no real basis ;n which te jﬁdge the cytological closeness 6f these
taxa. ) v ; . |

Finally, the criteria.on which they based their conclusionsrare

S~
the following:
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1. 'The Balsaminaceég &iffers from the core fémilies of thé' '
: Geraniaiq% in having‘better marked consttictio;s'and
incompléte termingliza;ion of ‘the éhromoéomes in meiotic
métaphﬁse (Wérﬁurg, 193Sa,b). .

2. The Geranfaies (excepting’Aﬁerrhoa ﬁ.)_is a ﬁatgral
cytotaxonqmic group on tﬁg basis of bogh.inter-‘and
intraépecifie aneuploidy and eﬁpldid&t-qnd the ﬁresence

. of acrocentric, metagentri@, and suﬂmeFacentric chromo;omes.

The criteria as spelled out are‘sufficient comméntary'pn.the
value of any conclusiong which‘wéré reached on the basis of these
studies. 'On the other haﬁd, they do ;ead'one to consider an
important point. Given the enormous éﬁount of.karyotypic evélution
which-is found even within a genus (Stebbins, 1971) what is Ehe value
-of cytotaxonomic studies at higher levels? 1In éur present stale
of knowledge, I find it difficult to énﬁigion.what-cytological

characters could possibly serve as markers for delimiting families

and orders,

Chromosome Aberrations -

Endgpol#ploidy: Mixoploid somatic tissue was observed in three

species? I. balsamina L.,‘E, cuspidata W.& A., and I. oppositifolia L.
This has-not beén previously reéorted in Impatiens. No evidence was .
found of polyploid pollen mother cells, It is evident that mixoploidy
is often fOUnd'i; rooé‘meristems, and injmost cases has no evolution-

ary significance.

Meiotic abnormalities: Lagging chromosomes, bridges, secondary

associations, micronuclei, and additional cells at the quartet stage

were observed. Of particular interest were pollen grains which

L]



262

distinctly varied in size and nife found in all theISpecies in'whicn
the pollen nas studied. There %as no evidence, that the snall grains
are sterile since they stained as consistently with cotton(blue as
did the large grains. It i;\not pOSSible at present'to conclude
whether this observation indicates thet pollen-dimorphiem occurs
in the genus. | .I *
Since in many species of Imgatiens the very sculptured exing )
interferes with chromosome number-determinations in the generative“hg'
nucleus, it-is proposed that Feulgen s oytophotometry may be of
assistance in determining (albeit ind1rect;y) whether the smal%;
grains contain fewer chromosomes than the normal haploio c0mplement.-
More extensive germination tests (prelimfnary_ones indicated that

- micropollen grains do germinate) would be useful. Such observations:

may facilitate understanding aneuploldy and dysp101dy in Imgatiens



APPENDIX 1

-

bpeczez o Reﬂicn- 'E.. a Rcferencc}
- -~ ~ : -
acaulis Arn. var. acaulis D 8,10,16 Bhaskar & Razi, 1974
' '
‘ J10 . Bhaskar, 1975, 1976, 1980
i acaulis Arn. var. b, 9,10 ¢ Bhaskar®& Razi, 1972-73 -
" granulata Bhask.
‘. T : 8,9 ‘Bhaskar, 1975, 1980
] -apmahthera Hk, f. " EH 8,9,16 18,20 Chatterjee & Sharma, 1970
| | ‘.4 b » - 0. a
Y . 7 . o : .
1. agumbeyana Bhask. D 8 Bhaskar, 1975, 1976, 1980.
I. aliciae Fisch. var. D ‘o 8 Bhaskar, 1975, 1976
bababudensis Bhask, : ' -
. ) »
‘I;khgghorata Edgew, WH 7 Khoshoo, 1955, 1966; Lee, 1967
[ A - -
s ) . :
RN 7 14 Khoshoo, 1957
—_ 14 " Wulff (T. 1935, 36); Warburg, 1938a,b
‘ Table cont'd.
L
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Species . i \u

<

Region n - 2n Reference
_ A\
- H ‘ . . } -
I. amplexicauiis Edgew. WH- 10 Khoshoo, 1955, 1957, 1966; Lee, 1967
* 1. arguta HK.f.3 T, EH 6,9 - 12 Chatterjee & Sharma, 1970 -
EA_assurgens Bak. A 5 Gill & Chinmnappa, 1977
' gﬁéurimma'naillu CI 16 Arisumi, 1980 a
1. balfourii Hk.f. WH ‘ 14 Wulff, 1937
6ff Y Khoshoo, 1955, 1957, 1966; Vazart,
1958; Lee, 1967
WNA ‘Chinnappa & Gil11, 1974
T
* . I. balsamina L. C 7 Kanna, .1926 )
‘ 14 Kakhidze (in Tischler, 1927)
g A -
" 14 Heitz, 1929
1

Table'cont'd.
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- Reference _ .

Species Region ) n
| ) | { )
* I, balsamina L. (cont'd) 14 Souza-Violante, 1929
14 Margadant (in Tischier, 1931)
14 "Gregoire, 1932
lé- fung, 1932
14 ‘Doutreligne,.1933
14 Kanna, 1934, 1935
, 14 'Smith, 1934
fi 14 Nakamura, 1955, 1956
14 Schaede, 1535
14 Heitz, E. and Resende, 1936
14 .Yamahé and-Sduﬁatsu, 1935
7 14 Warburg,‘1938a;b
7 14 Raghava; et al., 1§3§
14. Delay, 1947 -
14 Hoeve;mann, 195;
14

Bhattacharjya 1954, 1958

Table cont'd.
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_ Species Region S on- ‘ 2n Reference
" % 1. balsamina (cont'd.) | 7 14 . Khoshdo, 1957
- 14 Vazart, 1957 ' b
‘ 7 4% Lee, 1967
. B _ 14- Chauhan & Abel, 1968
6,7,}8 14,14 + 28 Raghuvanshi & Joshi, 1968
i 14,16 Chatterjee & Sharma, 1970
. . ‘ 7 . . Chinnappa & Gill, 1574
. ; | - : 7 : Terasaka & Tanaka, 1974
i 7 . Gill & Chinnappa, 1977
. 14 ' Arisumi, 1980a
21 _Smith, 1938
I. balsamina L. (WT) Wt 7,11,12,13,14 . Khoshoo, 1955,1966
D | 14 " Rao, 1972
- LT D 7 14 Bhaskarlﬁ Razi, 1972-73
WH S _ 14 Koul & Gohil, 1973

= v ' - Table cont'd.
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Reference

"\

. 1975

'

‘Table cont'd -

Species Region n 2Zn
1. balsamina L. var. . B 7 14 Bhaskar, 1975
arcuata Hk.f, 2ge ' | . '
—— ’ L
1. balsamina L. var. C 14 - Rao, 1973a
azaleiflora '
-,I: balsamina L. var.’ C 14 Rao, 1973a o
camelliflora
I. balsamina L. var, D 14 Rao, 1973a
coccinea Hk.f. '
7 14 Bhaskar, 1975 N
- I. balsamina.?.,. var. vulgaris D 14 " Rao, 1973a
I. barberi Hk.f. . D 8 Bhaskar & Razi, 1974; Bhaskar, 1975,
o ’ ° N 1976, 1980 . - |
B nd -
I. beddomei Hk.f. b 8 Bhaskar & Razi, 1972-73; Bhaskar, .-
—_ _ N ) ) ' e
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2n ) Reference

89¢

“Species - Region n n “
] :
I. bella Hk.f. & T. .+ wH 7 " Khoshoo, 1966; Lee, 1967
I. bicornuta Wall. WH 8 . ' Malla et al., 1978
wf N . ‘ - . . P
I. biflora Nutt. = I. capensis
Meerb. o
I. brachycentra Kar. & Kir, -WH 7 " Khoshoo, 1955,. 1956, 1957, 1966;
- ' ’ Lee, 1967
. WH 14_ | Koul & Gohil, 1973
v : ) - '
.e\.g,bur\tonii Hk, f. RN A 8 . 16 Jones & Smith, 1966
. 50 ‘Rao, 1973b'
* I, campanulata Wt. )] 10 20 ’ Jones & Smith, 1966
' . 10 ‘Bhaskar, 1975 e
18 " Arisumi, 1980a,b
Table co‘nt'd..;‘
¢ | )
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L)
Species ﬁegion n Zn Reference - -+
I. campanulata Wt. (cont'd.) 20 Rao, 1973b
. 2 ' .
I. canarignsis =1, hookeg%gna ) \
. Arn. )
. . \
1. capensis Meerb. ENA, WNA 20 Smith, 1934
' 10 20 Chinnappa & Gill, 1974
10 De Lisle," 1965; Lee, 1967
o 10 Khosheo, 1955, 1957, 1966
4 20 Russell, 1976 - .
10 Bostick, 1965
. | 14 Hulff, 1936°
1. E;Régglg Thﬁnb. = . hochstetteri Warb. ‘
I. chiangdacensls T. Shimizu SEA 6 . 12 “~Shimizu, 1971
I. cpinensis L, b 8 16 Bhaskar & Razi, 1972-73; Bhaskar,1975
' 16 Raoc, 1972

Table cont'd.
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Reference

-l \ - .
" I. chinensis L. var. . Db //"1/ 8
" brevicornis Barnes : | kS

I. chinensis L. var., ' B 8

intermedia Bhask.
B
’ L3
. 9
1. chinensis var. intermedia D - 8
X 1. tomentosa Heyne ~
* I. clavicornu Turcz. ) D
=
~ : : 8
I. congolensis Schulze et Wilczek A
I. congolensis var, , A 24
. Jlongicalcarata Schulze &
Wilczek

A

16

16

14

48

48

Bhaskar & Razi, 1972-73

Bhaskar, 1975

Bhaskar & Razi, 1972-73

Bhaskar, 1975

; Bhaskar, 1975

Rao, 1972

Bhaskar, 1980
Arisumi, 1980a,b

Jones & Smith, 1966

—

Table cont'd.



Species Region n 2n Reference
- ,
I. cordata Wt. Af D 10 Bhaskar & Razi, 1972-73; Bhaskar,
o . 1975, 1976
J 20 Rao, 1973b -
. . i
I. cuspidata W.& A, D 7 14 Bhaskar & Razi, 1972-73; Bhaskar,
' 1975 '
. 14 Rao, 1973b
. - a
I, dendricola Fisch. D 7 Bhaskar, 1976, 1980
I. digitata Warb. A 10 Gill & Chinpappa, 1977
I. diversifolig Wall, D 8 Bhaskar. & Razi, 1972-73; Bhaskar,
) 1975 '
- -
1. drepanophora Hk.f. EH | 10 Krusheva, 1975
10 Sarkar et al,, 1975

Table cont'd.
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' Species Region n 2n Reference
I. ecalcarata Blank. WNA 10 Chinnappa & Gill, 1974
0
- - . . *
1. edgeworthii Hk.E, Wil 6 Khoshoo, 1956, 1966;‘Baquar & Abid
Askari, 1970; Lee, 1967
- . 5,6,7 12 Khoshoo, 1955, 1957
A
»
I hytica G.M._ Schulze =
I keilli Gilg
o
1. fimbriata Hk.f. EH 8 * Chatterjee & Sharma, 1970’
1. firmula Bak. M 14 Wulff (T. 1935,36); Heitz & Resende,
1936 ¥
I. flaccida Arn. D,S,Mt 7 Bhaskar.& Razi, 1972-73; Bhaskar,
: 1975; Sokolovskaya, 1966
7 14 Jones & Smith, 1966
- . 14 Rao, 1973b

Table cont'd.
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Species Region n 2n Referepce
.'I. flaccida var. alba c 14 Arisumi, 19802
¥,
* I. fryticosa DC. D, 16 Rao, 1973b .
10 Bhaskar, 1975
10 20 Krishnaswami et al., 1969
L. furcillata Hemsley 20 Sokolovskaya, 1966
I. gardneriana wt. D 8 16 - - Bhaskar & Raz‘, 1972-73;
. Bhaskar, 1975
- W . B
# 1, glandulifera Royle WH 10 Khoshoo, 1955
10 20 Khoshoo, 1957
NTZ 9,10 Jones & Smith, 1966
- 9- 18 Smith, 1934
18 Valentine, 1971
18 Javurkova, 1979
t Table cont'd,
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. Species ' Region n 2n Reference. - .
I. glandulifera Royle (cont'd) 18 Majovsky et al., 1974 !
? R 18 Jackson (Darlington & Wylie,71955) i
L 18 Steffen, 1951
10 Chinnappa & Gill, 1974
[ . -——
10 Lee, 1967
20 Warburg, 1938
‘ ' «
* 1. goughii Wt. D - 10 Bhaskar & Razi, 1972-73, 1974.
' S ) 10 Phaskar, 1975, 1976
10 Jayarama Reddy, 1941
. ~ : 16 Rao, 1973b
I. grandis. Heyne ’ D 20 Rao, 1973b
20 Bhaskar, 1975, 1976
- I.” hamata Warb. : { A 7 Gill &.Chinnappa,;1977 °

Table cont'd.:
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Species Region E n Reference
I. hawkeri Bull (sensu stricto) NG 24 48 Jones & Smith, 1966
I. henslowiana A;n. D 8 16 Krishnaswami et al.; 1969

8 _Bhaskar, 1975,1976

. o 1
I. herbicola Hk.f. D 7 Bhaskar, 1975, 1976 *
I. herzogii K. Schunm. NG 32 - Arisumi, 1978a, 1980a
I. hochstetteri Warb. . A ’ 16 ~Jones.& Smith, 1966
- 7 Heitz (in Darlington & Wylie, 1955)
‘I. holstii Engl. & Warb. =
I. walleriana Hk.f.

I. hookeriana Arn. D,S 40 Jones ‘& Smith, 1966

10 20 Bhaskar & Razi, 1972-73; Bhaskar,

1975

Table cont'd.
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" Specjes Region n " 2n. Reference
%1, hookeriana Arn. (cont'd.) D,S - .36 . Arisumi, 1980a,b
16 Rao, 1972
I. insignis DC. ~ D 18 Chatterjee & Sharma, 1970
* I.°keilli Gilg ~ A 7 ‘G111 & Chinnappa, 1977 ’
16 Arisumi, 1980 a )
J r
1. kilimanjari Oliv. =~ ' A 13 Gill & Chinnappa, 1977
1. kleinii W.8& A. , D 8 Bhaskar & Razi, 1972-73; Bhaskar,
- - 1975
i -~
" 1. lawii Hk.f. & T.- 8 Bhaskar & Razi, 1974; Bhaskar, 1975
IA lawsonii Hk.f, . 7' P 10 Bhaskar, 1975, 1976, 1980

-

Table cont'd.
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Table cont'd.

épgcies n 2n " Reference
. L 4
I. lenta Hk.fI. « D 8 Bhaskar, 1976
1. legfoceras.DC. EH 18 _ Chatterjee & Sharma, 1970
‘ : -
S
. / - _
I. leschenaultii Wall. b 3 6 _Bhaékgr & Razi, 1972-73; Bhaskar,
- 1%75 >
y : )
6 Rao, 197%
7 14 - Krishnaswami et al., 1969
1. levingei HK.f, D 16. . Rao, 1973b
I. ligulata Bedd, D 8 Bhaskar & Razi, 1974
1. linearifolia Warb. . "NG 32 Arisumi, 1973a, 1975, 1978a,b
I. lucida Heynge D 7 Bhaskar, 15?5
E-J

Lee

LN



L R Y
- . &
. .
Species I?egion n - 2n Reference
I. maculata Wt. ‘ ‘D 10 - ) , Bhaskar & Razd, 1972-73; Bhaskar, )
) ) 1975, 1976 .
20 Rao, 1973b
I, marianae Reichb. ‘ EHI' 16 Arisumi, 1980a s,
I. mathildae Chiov. WH 5 14 . Heitz, 1929
L ]
1. mirabilis Hk.f. SEA 17 . . Jones & Smith, 1966
I } _ . i
LA
* 1, modesta Wt, D 8,9 . / " Bhaskar & Razi] 1974; Bhaskar, 1975
8,9,16 - Bhaskar, 1976 o
8,9,849,16 - _ ‘Bhaslar, 1980
. ~ ‘
. & i ) . -
* 1. mogreana Schltr. - - NG 32 _ Arisumi, 1973a, 1975, 1978a,b, 1980a
- - . . ""_ ) =
- 66 Jones & Smith, 1966 7 o
s * . - - ‘ E
Table cont'd, - .
’ . ]
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Species '

20,40

Rezion n 2n Reference
.. s
I. mysorensis Roth. D 7 Bhaskar, 1975, 1976
1. ﬂiamniamensis Gilg A 16 32‘_ Jones & Smith,‘1966
. 32 Arisumiz 1980a,b
_ S
* I, noli-tangere L. NTZ 20 Winge, 1925
‘ 20 Tiscther, 1931
* 20 Packer, 1964
20 - Gaéellé and Kliphuis, 1966
20 Rao, 1973b- " ‘
20 Majovsky et al., 1973, 1974
— 10 Chinnappa & Gill, 1974
10 Ishikawa, 1960 <~
10 Laane, ’1
- 20,40 'Skalinska & Pogan, 1973 L
_ - - R g P
/,,/’/’ . Skalinska et al., 1959

Table ‘cont'd.
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Species Region ‘n 2 Reference .
* I, noli-tangere L. (cont'd.) 20 Sckolovskaya, lgﬁj,‘1965
I. olivieri C.H. Wright ex W, ~
Watson = 1. sodenii Engl. ’ .
. & Warb. ‘ex Engl, . - ) '
= . ’ (
* 1. omissa Hk.f, . D 28 Rao, 1973b . :
, - 10 Bhaskar, 1975 - . i
| 2 | S T
% 1. oppositifolia L. D 6,7,8 Bhaskat & Razi, 1972-73; Bhaskar, .
. - 1975 -
- _ i * _
1. pallida Nutt. ENA 10 De Lisle, 1965 : S,
' 10 - _Chinnappa & Gill, 1974
10 ‘Smith, 1934 .
; . v
- 20 -+ Russell; 1976 - .

Table cont'd.
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_~ Species ‘,\'- . Region n ?E -‘Referencé. . *
* I, Bg}l&difiora Hk:f; o . D 13 ﬁha;kar;_197§; Khosho;, 1966
’ 16 - " Rao, 1573;13,’ s .
* i? parasitica Bedd. =~ . D 9,10 . Bﬁéskar, 19%5, 1976
[ < . . _ . -
. L - _ . - > : ) .
* 1. Earfviflc_)ra be.” N . NTZ ~ 10,12,13 " Khoshoo, 1966
12 - Wulff, -1934'a,b '
13 Chinnagpa-g €111, 19743 Lee, 15%%
‘ .20 Heitz, 1926 - . .
24 . " Tischler, 1934; Wulff, 1§34a,b
- . 24 Lbve & LYve, 1942 - T i
. 26 "Heitz & Resende’, 1936
) 26 - Ehrenberg, 1945
. , , 26 Polya, 1949
~ 26 Skalinska et al., 1959; Skalinska

& Pogan,_Ig73

Table conﬁ'd. I
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“Species

Region

Reference

* 1. parviflora (cont'd.} -’

1. parvifolia Bedd.

1. petersiana Rehd. =
I. walleriana Hk.f.

* 1. phoenicea Bedd,,

¢

% I.-platypetala Lindl.

r )

% I, platypetala Lindl. var.’ .

. aurentiaca t

.

-

10

10

26

26

-20

16

16

_ Téble cont'd.- !

Holub et al., 1971

Majovsky et al., 1973
Schurhoff, 1926, 1931

Bhaskar, 1975 ‘

v

Bhaskar, 1975, 1976

Lee, 1967
Beck et al., 1974

Arisumi, 1975, 1978a, 1980a

-~

P

Khoshoo, 1955, 1957

Tl ' i
Arisumi, 1975, 1978a; Beck

et al., 1974

-
. -

3 »

ar
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* 1. racemosa DC.

Species RS n 2n Reference W
1. pseudoviola Gilg A 16. Jones & Smith, '1966; Arisumi, 1980a
1. psychadelphiodes Launerf A 32 Jones & Smith, 1966
I. piberula DC. EH 14 * Malla et-al., 1977 .
- - L)
, : oot N
1. pusilla-Heyne D 8 Bhaskar,. 1976 ‘ .
' 16 'Rao, 1972 ’ , .
. >
I. pusilla Heyne var, 8 " . Bhaskar, 1975, 1976 . e
inconspicua "Bhask. -
1
1. pusilla Heype X _ .8 Bhaskar, 1975 _
I. aliciae Fisch.’ - * .
EH 9 Chatterjee & Sharma, 1970

Malla et al., 1977
L2

‘Table cpnt'd.-
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Species Region n 2n Reference - ¢
. ) v -
T. radiata Hk.f. EH 10 Sarkar et al., 1974 ‘
I. raziana Bhask. .b 8 Bhaskar, 1975 ' 5
1. repens Moon S,D 7 14 Bhagkar & Razi, 1972-73; Bhaskar,
: 1975 -
)14 Jones & Smith, 1966; Arisumi, 1980a,b’
¥ .- ; -- . )

I. ridleyi Hk.f. N SEA 17 34 Shimizu, 1973
. : ‘ ] -,

. ) £
I. royleil HWalp. = _

I. glandulifera Royle -

1

I. rubromizzculata Warb. A 16 Jones & Smith, 1966
1. salicifolia Hk.f. & T. EH 8 Chatterjee & Sharma, 1970

%82
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Species . ~ Region n . 2n Reference -

* 1, scabrida DC . WH 6,7 | - Jones & sﬁich, 1966
o ' 76,7;8 . | Khoshoo, 19535 .
7 . Kh;shob, 1957, 1966
7. _ ' Huynh, 1967
‘f ‘ ’ 9 ' 18 o €hatterjee & Sharma, 19%0‘1
| 14 " ‘Smith, 1934. c
" 1. scabriuscula Heyne . b - 7. -‘f L Bhaskar & Razi, 1972—73;‘Bha§kar,
: , ‘ 1975 -
.-
* 1. scapiflora Heyne var. b .6 Ca Bhaskar & Razi, 1974 -
scapiflora i . N ) _
A 6,8,10 . Bhaskar, 1976
) 8,10 o Bhaskar & Razi, 1972-73
. 10 Krishnaswami EE.E&" i969
6,7,8,10 ) h Bﬁaskér, 1975, 1980
. . ‘ . . _ -,‘ ‘ Tablé cont'd. -
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Species R ' Region n 2n ] Reference

I. scapifiora Heyne var. D 10,16,20 10420, >’20 Bﬁﬁgqu, 1976, 1980
pseudo-acaulis Bhask. . ' ' e ’
: 10,16 Bhaskar, 1975
10,16,20 - *. Bhaskar, 1976
. L~ .
I. schlecteri Warb. NG 32 Jones & Smith, -1966; Arisumi, 1973,
: B . - . 1975, 1978a,b, 1980a
I. serrata Benth, - WH 7 ' Khoshoo, 1966 N
I. sodenii Engl. & Warb. Y . 16 . Wulff, 1933 ,
ex Engl. ' B '
16 Rao, 1973b.
1. spp.- NG 32 Jones: & Smith, 1966 - .
fe , 14 Wulff, 1937
SEA 36 + 2¢ .Jones & Smith, 1966
SEA ‘ 32, Jones & Smith, 1966 ‘
NG 32  Arisumi, 1978b

. Table cont'd.
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Reference

g

L8T

Species Region n 22
I. spp. (cont'd.) NG 64 - Arisumi, 1978a
I 4 Atisumi, 1978
I 8 Arisumi, 1980a.
I. stenantha Hk.f. EH . 11 Chatterjee & Sharma, 1970
1. stocksii Hk.f. D 10 ‘Bhaskar & Razi, 1972-73 . e
7 Bhaskar & Razi, 1974; Bhaskar,
) 1975, 1980
I. sulcata Wall. WH 10 Khoshoo, 1955, 1956, 1966 .
. 10 20 Khoshoo, 1957 '
. sultani Hk.f., = .
I. walleriana Hk.f. _
I. talbotii Hk.f. D 6 12 Bhaskar, 1975

Table cont'd.



Reference

Species . ‘ Region n 2n
. . , _
1. talbotii Hk.f. (cont'd.) P ’ 6 Bhaskar, 1976 d
) N .
. : ) / _ . C . L '
I. tenella Heyne D 8, 16 '\ Bhaskar & 'Razi, 1972-73; Bhaskar,
. " \\ 1975 .
D 14 Rao, 1972 ' \‘\
I. textori Miquel A 20 Lee, 1967 -~ /s
. - ’ . /
10 Ishikawa, 1960 ke
. .
I. thomasetti Hk.f. - Se 16 Avisuni, 1980a
1. thomsont HK. > WH 7,10 ‘Khoshoo, 1955, 1957, 1966
14 - Koul & Gohil, 1973
. ‘ ¢
I. tomentosa lleyne D 16 . Rao, 1972 )
13 Bhaskar, 1975

882
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Spécies

Reference

I

1.

R

trichocarpa Hk.f,

tripetala Roxb.

/ . -

1. tuberifera Humbert

ulugﬁfensis Warb.

umbellata Heyne

L

‘uncinata Wt,

.

-+

S

EH

16

16

20

. Bhaskar & Razi, 1972-73

+

Khoshoo, 1966

r

Sarkar et al., 1973, 1980

. Arisumi, 1980

-

Jones & Smith, 1966;'Ariéumi,

.

9111 & Chinnappa,.19j7

}
R

Rao, 1973b

f

Rao, 1973b

Table cont'd.
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. Bhaskar, 1975, 1976

[
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Species Regicn n Zn Reference X T
1. verticillata W. C D 8 Bhaskar & Razi, 1972-73; Bhaskar,.
1975 -
ot i -
16 Rao, 1973b )
I. viscida WE. ' § D 8 16 Krishnaswami et al., 1969 )
\ 8 Bhaskar, 1975
16 Rao, 1972 i
I. viscosa Bedd, . D 10 B Jayarama kéddy, 1941 - Bhaskar &
. - Razi, 1972-73; Bhaskar, 1975 -
) | 16 Rao, 1973b A
. - - -
I. walleriana Hk.f. (WT) A 10 Gill & Chinnappa, 1977
I. walleriana Hk.f. c 8 Wulff, 1933, 1934
3 16 Suguira, 1935-36, J
8 Warburg, 1938a,b

16

Table cont'd.
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Species

uy

Reference

1. walleriana Hk.f. (cont'd.)

<

16
16
16
16
16

16

16

16

-

Bhagkar & Rézi,.1972;73

&

Tara and Namboodiri, 1974

. .
Bhaskar, 1975

Heitz, 1929 -

Smith, 1934 )
Bhattacharjya, 1954a, b
Jones & Smith, 1966
Rao, 1972 T
Beck et al., 1974 -

Arisumi, 1975, 1980a,b
i r

L'

AW

&

*Species which contain a dysploid series.

A = Africa, C = Cultivar, CI = Comoro Is, D = Deccan Peninsula, EA = Eastern Asia, EH = Eastern HimalaYas,"

ENA = Eastern North America, I = Indonesian Archipelago, M = Madagascar, Mt =.Mauritius, NG = New Guinea, NTZ

=

i

.

Table cont'd.
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North Temperate Zone, 8 = Ceylon, Se = Seychelles, SEA = Southeast Asia, = Western Hamalayas, WNA =

Western North America, WT = Wild Type.

1The identification of the material is doubtful.

2Rao gives no authority for I. canariensis which is not listed in the Index Keweneig and supplements.
The present author was supplied material from the same population which proved to be I. hookeriana.

Identification is doubtful; I hochstetteri which is often incorrectly referred to as I. capensis Thunb.
is reported to be 2n = 16.

3

»
. J ..\

AAfisumi mistakeely assumed the material was of East African origin.

5Khoshoo expressed doubt as to the identification of the material.

Y

"‘ " L] -
. (ugf
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APPENDI

Distribution of chromosome numbers in Deccan Species of Ime tiens by Sections as recognized by Hooker (1904—1906)f

*

T
Specieé /

16 -

8,9,16

e

-

| b=t

crenata

dendricola

. denisonii

I. laticornis

I

|

1

1

. lawsonii
. levingei
. modesta

. nep-barnesii

‘Bhaskar, 1976

4

Bhaskar, 1976

Bﬁaskar, 1975 .

Bhaskar, 1976

Table cont'd..,

Region Section Chromosomé no. . ‘ Author ._' ..
n 2n '
S. India Scapigerae ) i
roe o 10 | —é - - 1. acaulis var. acaulisbA . Bhaskar, 1975
. 8,9 - I. acaulis var. gfaﬁulata » —Bhaskar, 1976
8 - IA EEEEEEEEE Bhaskar, 1976
8 - I. 5arbeFi Bhaskar, 1976
8 - 1. beddomei Bhaskar, 1975 .
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Region Section Chromosome no. Speciles : Author

n 2n .
- - .- I. niligrica : -
I 1. orchiodes o ) -,
- - 1. pandata , - = _
. 6,%,8,10 - 'Z, scapiflora var. scapiglbra - " Bhaskar, 1976; Krishna-
’ swami et al., 1969
10,16,20 - 1. scapiflora var. pseudo-acaulis Bhaskar, 1976 ]
"7 - l - 1. stocksii . . - Bhaskar, 1975 ;
Epiphyticae : C |
AN -
P - I. auriculata ' , -
- - 1. coelopteris _ , , - .
- — \ ;& I. jerdoniae | : 7— .
. 9,10 - I. parasitica var. parasitica ‘ . Bhaskar, 1975

- - ' I. parasitica var. moniliformis . -

- - I, urceolata -

76¢

Table Cont'd...



Region . Section Chromosome no. Species : Author
. n 2n '

Annuae
g - - I. aliciae \..rar. aliciae - ’
' 8. - - 1. aliciae var. bababudensis 7 . Bhaskar, 1975
- - I. aliciae var. pandavarémalyensis _ - -
. 8 - . I. aliciae X pusilla . . Bhaskar, 1975
3 16 ;}: ’ I. ciﬁnensis yal;. chinensis . ~ Rao, .1972; Bhaskar,' 1975
8 16 I. chinensis var. intermedia . Bharskar, 1975 '
-. - I. chinensis var.s+rupicola - 3
o« 8 - | I. chinensis X tomentosa : : Bhaskér,. 1975
8 - - \-_;&dal'zieln ' | " Bhaskar; 1975 -
- - 1. debilis , -
8 - " 1. diversifolia B Bhaskar, 1975
8 | 16 - I. gardne_riaﬁa ’ o ] Bhaskar,; -1975 ' .
. | ! 7 - 1. herbicolz; Bhaskar, 1976 |

- - . «+ I. kleiniformis -."

* 662
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Region Section Chromosome no. " Species \ Author -
n Zn : : ;
8 - I. kleinii Bhaskar, 1975
- - I. lawit : -
8 \ . 1. lenta Bhaskar, 1976
- - I. ligulata o
- - ) 1. munnarensis ) -
- I. opposififolia var. oppositifolia Bhaskar, 1975
"i, oppositifelia var, nataliae -~ -
o I. pallidiflora ) Rao, 1975£/hhaska:, 1976
8 16 I. pusilla var. pusilia - ‘ Rao, 1973b |
' 8 16 I. pusilla var. inconspicua® Bhaskar,, 1975
8 - 1. raziana . . Bhaskar, 1975
. ' W
- - I. rivulicola -
- 8 16 I. tenella Bhaskar;'1975
13 - I. tomentosa var. tomentosa - Bhaskar, 19}5 .
- - 1. tomentosa var. rufescens .

967

Table Cont'd... .-
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. , -
Region Section . Chromoscme no. Specie-s Author
.. . ) ’ ' n 2Zn .
- - I. tomentosa var. ggastyamalaye'ns-_is- -
- - I. tomentosa var. nataiiaé - ) -
&
Microsepalae -
- - Q\l- balsamina \{ar..balsamina - *
7 14 I. balsamina var, arcuata Bhaskar,'r-1975 . §
7 14 ._L balsamina var. azaleiflora Rao, 19733' s
7 14 1. balsamina var. camelliflora Rao, 197.3a
7 14 1. balsamina var. coccinea Bhaskar, 1975, 'Rao, 1973a"
- - I. balsamina var. parasnathica -
I. balsamina var. _@_é ) - i
1. balsamina var. ixulgaris' Rac;, 1973a
- - 1. cochinica o - )
7 14 1. cuspidata Rao, 1973b; Bhaskar, 19?57
I. daszsp-.erma ) - * N .
7 14 1. flaccida . Jones and Smith, 1966, .

Rao, 1973b; Bhaskar, 1975

.
Table Cont'd... ©oo



Region Section

Chromosome no.

n

2n

Species

Author

S. India,

Sri Lanka Tomentosae

3,7

77

6,14

14

12

16

I.

sl

[

I.

1.

1.

I.

floribunda

. latifolia

. ieschenaultii

L 4
lucida

macrocarpa

I. mysorensis

penudula

fEulcherrima

I. repens

IH

1.

1.

I.

scabriuscula

talbottii

trichocarpa

henslowiana

johnii

-

&

Rao, 1975

Rao, 1972; Bhaskar,
1975; Krishnaswami et
al., 1969

Bhaskar, 1975

Bhaskar, 1976

Bhaskar, 1975 -
Bhaskfr, 1975
Bhaskar, 1975

Krishnaswami et al.,

1969

Lo

Table Cont'd...

62



Region Section Chromosome no. Species . Author
n 2n
- - I. munronii - .
. —_—
Subumbellatae
~ - - I, anaimudica -
10 20 I. campanhlata Rao, 1973b; Bhaskar, 1975
10 20 I. cordata Bhaska{,_1976; Rao, 1973b
' - - I. disotis -
—
- - I. elegans -
10,16 20 I. fruticosa ' Krishnaswami et al.,1969
Rao, 1973b; Bhaskar, 1975
10 16 “I. goughil Rao, 1973b;Bhaskar, 1976
10 - - 20 I. grandis “Rao, 1973b; Bhaskar, 1976
10,20 16,20,40 1. hookeriana Bhaskar, 1975; Jones and
: Smith, 1969; Rao, 1973b
SR
.. v
- - I. leptura - §
10 28 1. omissa Bhaskar, 1975; Rao, 1973b
10 - 1. parvifolia Bhaskar, 1976

|

travancorica

Table Cont'd. .~ ‘.
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Region Section Chromosome no. Species . ) ' Author
- n 2n ) : '

-

) - 20 1. umi)ellata . . Rao, 1973b
- 14 I. uncinata _ Rao, 1973b
.- | - 1. verecunda . , o - -
, ] - 1. verticiliéta Bhaskar, 1975
-' . 8 16 I. viscida ‘, - , i _ Krishnaswami et al., ]_.é69
10 16 I. visc0fsa Bhaskar, 1975; Rao, 1973b_
Racemosae ' ‘ | ’ : | ‘
10 20 *  I. maculata . | - Bha-skar, 1976; Rao, 1973b
10 - : I. phoenicea Bhaskar, 1976 7
- I. platydena - . - ,
- - . I. tanagachee oo ' -—
. Sri Lanka o - - © I. walkerii - -
E’No chr-omosome number determination has been reported. ’ . . . . ‘ \

bVar'ieties and hybrids following Bhaskar, 1975.
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TAXONOMIC TREATMENTS OF THE GENUS IHPATIENS R
Historical Review
The genus Imgatiené is a Linnaean taxon. Spécieé Plantarum
(1753) 'includes descriptions of six Indian taxa (I. balsamina, ’

.ﬁ._
I. chinensis, I. cornuta = I. balsamina L. var. coccined Hk.f.,

I. latifolia, I. oppositifolia, and I. triflora = Hydrocera

trifiora (L.) W.& A;) and tﬁe Eurasian I. noli-tangere (which, as .
discussed in the next chapter; includes the endemié North American
species, I. capensis Meerb.). De Candolle (1824) dividéd the genus
into two genera, ImEatiens L. and Balsamina Mill. ex Scop. 'Qitﬂiﬁ

each genus the species were grouped on the basis of inflorescence

type (solitary vs. not solitary). Hooker and Thomson (1859)

‘recognized only one genus,-ImEaﬁiens, witich was divided into a number

of sections using phyllotaxy, inflorescencé, habit and to some extent

v

seed characters, as diagnostic features. In contrast to De Candolle,’
Hooker recognized subdivisions within the cdtegory of '"compound

inflorescence" (gpbumbellate, subcapitate, and racemous). This

- classification, in a modified version, served as the basis for the

conspectus of Impatiens in 'the Flora of British India (Hooker,—1874-75).

The proposéd alteration was to make ﬁhe primary division of the genus

into two Series based on the shape of the fruit capsule. The sections

‘used in the earlier treatment (1859) were retained. As a comsequence,

most of the sections in Series A were dublicated in Series B. Pre-
sumably, it is this parallel ordering which inspired the adoption of

the term "Series" for the two major divisions. 1In An Epitome of the

4 e i sl
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British Indian Species of Impatiens (1904-06) Hooker added a further
refinement by dividing the genus }n a geographic basis so that Series
A and B were now treated separately for the Western and Easte}n.

‘Himalayan, Deccan, Burmese, Ceylonese, and Malayan regioné. Hooker
. ¢

s

justifieq this approaéh on the basis of his observat'oﬁ thaf. most of
the Impatiens species were endemic to.oﬁly one of these regio
He later expanded on this point and proposed that the ImEatiens

species in each of thése areéas formed a distinct group, which evolved
in situ from a relatively small number of  colonizing ancestors (1909b).
His publicaticns following the Epitome (Héoke:, 1908b, 190%9a,b,c,
1910a, 191la,b,c) keep to this scheme of treating the genus on a
regional basis.

One important difficulty with Hooker's major efforts at classi—!
fying Imgatiené (1874=75; 1904-06) was the restriction of the datum_
base to a portion of southern Asia which was rationalized by invoking
endemism. Hencg'ﬁhe divisions were based on within-group comparisons,
and no effort was made to relate the' resulting éroups télthe Iﬁéatiens

species found elsewhere. 1In this sense, neither the treatment in the’

Flora of British India nor the Epitome constitutes a monograph of
the genus as a whole. On the surface it appears that Warburg and

Reiche (1895)"in their treatment of the Balsaminaceae in Engler and

Prantl's Natlrliche Pflanzenfamili®n did attempt to achieve precisely
. i - !
this goal., Their scheme was based on species .from the entire range 'H‘

of the genus. Two subgenera were recognized: Acaulimpatiens Warb,

(composed only of the Section Scapigerae of Hooker, a grbup which is

restricted to the De:fan and Ceylonese regions) and Caulimpatiens

-which included all the other species., Thus, the primary division of

L
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a

the genus was based on a dicotomy in stem charactérs rather than

fruit characters. Otherwise, it is evident that the system is merely

a reworking of. Hooker's original proposal (Hooker and ThomSQn,'lBSQ)

and in fact most of the sections used in that publication are

retained (e.g. Uniflérae, }atiflorae, Subumbellatae, Racemoseae, and

so on), although now they are glevated‘to_ﬁhe rank of "supersegtion“.

In contrast to Hooker who did not attempt to subdivide his sectioms

(but  merely noted that certain species appeared closely related),
Warburg and Reiche subdivided their superséctions into sections,

grouping the gpecies together which had long or short spurs. _Implicit

in this treatment is a rejection of perhaps the most awkward aspect

i L
of Hooker's classifibation, the numerous parallel sections within

each series; but the resulting system is equally cumbersome since

the-subgenus Acaulimpatfens contained 19 species and subgenus

Caulimpatiens several hundred (by conservative estimate) with parallel

. long and short~spurred groups within each section. Despite the fact

that we often speak of the merits of Hooker's system versus Warburg

and Reiche's system, there is really very little to recommend one

over the other.

" The difficulty with both the foreéoing tteatments is that
neither has proven'whoily satisfactory as a framework for systematic
studies- because both are eséential;f phenetic exceptrih a feq-highly
sbecialiied and localized groups. For example, following an exten-
sive palynological survey of the Balsaminaceae, Huynh (1968a,b)
concluded that it wds impossible to interpret his sobservatioms in

keeping with the scheme provided by Warburg and Reiche (1895) and

that reorganization of the genus was very much needed. While

v
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basically conservative in his revision of the South Indian Impatiens,

Bhaskar (1975) -did note that certain species (e.g. I. fruticosa DC.
[ :

and I. henslowiana Arn.), which were assigned to totally unrelated

sections in Hooker's -scheme, are in fact closely‘réiated. L

.

THE ENDEMISM PROBLEM IN IMPATIENS A

The emphasis placea by Hooker on the endemism found in Impatiens

has had aﬁ overwhelming influence on our perception of the genus.

1

His observations were very much the outgrowth of his long yéars of

sthdy on the balsam flora of India which culminated in the'EEitome

(1904-06). The basis for his conclusions are to be found in Tables
;‘and 2, which give the world distributio& of Impatiens on a regional
basis and the number of endemic species in southern Asia (the region
od which Hooker almost exclusively concenérated). As Table 1
demonstrates, in the Old World Trbpics_and Subtropics, a high per-
centage of the species are restricted to a single phytdgeograﬁhic
region, and as Table 2 indicates only two species,_l.-balsémina L.

and I. chinensis L. occur in more than two of thése regions. Further-

more, an observation in the Intr?duction to the Epitome particularly‘
attracted the attention of later taxonomists, namely that there is a
major discontinuity bet;een the Indian subcontinent and '"adjacent™
portions of thé Himalayas;. This was illustrated by his not%ng the
absence of ‘species with Series B type fruit capsules from the Deccan
region, and indicating that this reéion and-the Eastefn Himalayas
share only one or two species in common (Table 2,lfootnote ;). This
theme was taken up by Chatterjee (1939, 1962) in two extremely

influential communications in which he concluded that the genus has

three 'separate and independent areas of development' (the Himalayas,



Table 1

World Distribution of Impatiens Spe%?es

Region Number of species Number of endemicgs\) Reference _‘

African 110 109 ’ Grey-Wilson, 1980z - .

Madagascaran 83- ' 8 Perr}g:; 1933 |

Ceylonese 21 16 - Hooker, 1?04?06

Deccan® 892 83 " Bhaskar, 1975

W. Himalayan® 273 18 saker, 1904-06, 1910a '

E. Himalayanc 63 48 ar, 1904-06 ‘ . '

Burmesed 62 40 Hooker, 1904-06, 1910a; Comber, . .
< 1934 ) '

Thai 50° is_ Shimizu, 1970°

Malay 7 6 Ridley, 1922; Shimizu, 1970

Indoctiinese . 25 21 () _ . Hooker, 1911a |

Indonesian 8° 5 Backer & van den Brink, 1963

Phillipine, - 25 24 Merrill, 1923 "

Pépuasian 1 1 Grey-Wilson, 1980a

Chinese 183 - Hooker, 1908, 1910b; Comber, 1934 w

90

Table cont'd.
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Table 1 Conc'd.

Reg}on Number of .species ~ Number of eﬁdemics Reference ’
¥ : ;
Jépaneée 4 2 o Ohwi, 1965 |
Eurasian , S ' 0 . Tutin Eﬁ.ﬂl}* 1968
W.N. American : A 2 \ Russeil, 1976
E.N. American _ 2 _ 1‘ o Russell, 1976 )
Mexican . . : 1 1 ) Rydberg, 1910
Central American - 1 , : 1 Smith, 1897
aCenﬁral India to Cape Comorin, : . . -
b ’ .

Chitral to Né¢pal frontier.

“Katmandu Valley to Mishmi Hills (Upper Assam) and Chumbi Valley (Tibet).

d .
Assam to Tenasserim.

.

1Hooker considers only 15 species as endemic; but in the present author's opinion the Indian and
Ceylonese populations assigned to I. acaulis Arn. unquestionably belong to two very distint species.

Table cont'd.
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¥ Table 1 Cont'd.

*

thaskarI(1975) gives B7 species. He has since found a distinct new member of' the "Epiphyticae" and
Chandra Bose of the Botanical Survey of India (Coimbatére) has discovered a remarkable new species
belonging to the '"'Scapigerae". This'would make at least 89 Species'for this region.

3Chatterjee (1939) gives the total number :of Impatiens species-for the Eastern and Western Himalayas
as 112, but does not 1nc1ude a regional breakdown. .

45him1zu 5 list of 48 does not include the Deccan species’ I. gardnerijana and I. kleinii which occur-
in northwestern Thaliland and vouchers of which (unldentlfied) are deposited at BKF where they were
discovered by the present author. .

L4

5Th'e authors treat I. holstii and I. sultani as separate species. Impatiens oncidioides which occurs
on the slopes of Mt. Gedé (pers. obs.) has been added. i ’ )

“a -
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Table 2

Species which occur in more than one phytogeographical region

Regions .

Species

Total number of speéiesj

in two regions

., Percent
in common

bl
. .
4

Ceylonese - Deccan:

Deccan - E. Himalayan:

E. Himalayan - W. Himalayan:

R O

eI I [T

balsaminal

flaccida2
3
grandis

henslowian’a2

.

oppositifolial

. Salsaminal

It |~

chinensisl’?

balsamina1

bicoloré

= 1= =

. bicornuta5

105

149

80

4.8 "

1.3

12,5

Table cont'd.
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Table 2 Cont'd.

Regions Species Total number of species - l Perceﬁt'
: ’ in two regilons - in common

E. Himalayan - W. Himalayan:
(cont'd.)

. cristata5
. ]_axiflora6
. raéemosa

o 5
. sulcata

. tigené6 ‘ : | o~

I
1
I
. I. se'rra!:’a8
I
I
9
1. thomsoni

- Deccan - W, Himalayan: 1. I. balsamina1

E. Himalayan - Burmese: ’ s 111 - 12.6

12 '
arguta _ :

balsaminal \ .

D O~ & K T O O
I I [ bt e e e
]

brabteatalo

. 1.a
chinensis *° - -
Lanensls

-
-

dréphanophylla9

drepanophora9

. 11 9
juripa '
latifioral? . B S ‘

Table cont'd.
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Table 2 Cont'd.

& _

Regions

Total number of species
in two regions

E]
Percent
in common

E. Himalayan - Burmese:
(conc'd.)

*Burmese - Chinese:

Species
9. I. Eulchral2
10. 1I. racemosa?
11. I. radiata’”
12, Ef_stenaﬁthag
13. 1. trilobatal0
14, 1. trigetalal3
1. I, balsaminal
2, 1. ceratoghora1
_3,-1. chine;lsis1
4. 1. clavicusEiS9
5. I. forrestiig
6. I. sr;enantha9
7. 1. xanthin&;ﬁ;
R

248

2.8

Table cont'd.
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Table 2 Cont'd.

Regions ~ Species : Total number of species . Percent
. . in two regions ’ in common

Burmese — Indochinese: 80 ' _ 8.8

. aureliana9

balsaminal

chinensisl

.

harmandi’

inoEsg )
15

kerriae

I
16
I. purpurata

L
1
-1
1
I

al.

)

3 ooker (1904-06) lists only‘one Deccan species as occurring in the Eastern Himalaya (i.e. I. balsamina),

but in 1874-76 gives the two species cited here, .

. .. .9
louthority = La o yann. k. £, 13Roxb.
2ptn. bedgew. - X 0001eb. , - Yheomber
3Heyne 7DC. . ) llﬂaﬁ. | , 15Craib
“Royle BBentn. Y20, f &L 18rardieu

-

Taa-
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-

Assam, and the Deccan—céylon.Region). As a result, the endemic

aspécts ﬁg‘ImEatiéné Hacé been stressed by éverf‘sﬁbsequent author
and becamg a rationale fo"r;regi.onéil ti’eatr}iénﬁs' of the genus. I!u;t
\\ggsp‘sight was Perrier's (1933) communicatidn in which he observed
tﬁa; although all‘éhe Malagasy speciles are endemic to the island,
the groups to Which they belong are clearly related to species
found élséﬁhere. (Speqifically, he found that Section Humblotianae
was allied to the Afr;can bucciniform species such és.l. digitata
Warb. and I. Epssorenéis Warb., while many of the Vulgares group
had relatives in sogthern Asié. Recently, in a-?évision of the

African Impatiens, Grey-Wilson (1980g) suggested that there are at

least three groups which a¥%e common to Africa and Soﬁthern Ihdia.

T

OBSERVATIONS

v

For éeveraljyears, I have had the cpportunity to evalﬁate the
merits of the classifications of Hooke; (1874—75;.1904—06) and of
Warburg and Reiche (1895) as frameworks within which to carry out
my own‘Systematic Studies. ‘Both proved totally inadequate and only
compoundéd my confusion about relationships within the genus, From
my own experience, in Hogker's classification the sectiéns Annuae,
(excluding,l._gardneriané Wt.),'Epiphyticae, and Scapigerae are
natural groups, whereas the Tomengosae, Microsépalae, Subumbellatae,
‘and Racemosae are taxonomical "dustbins'. Tﬁe last of these, I ‘
recognized as being totally bizarre during my year of study in India
(1976-77) because; particularly in the ffgld, the inclﬁded.taxa

bear no resemblance to each other whatsoever. The only link

between these species appeared to be "all Deccan species with



)

racemes'whicﬁ are not in section Epiphyticae" éxcept that i was.
fairly certain that one_specieshl. phoenicea Bedd. was allied to the
Epiphyticae. Once I had the opportunity to observe living plants
of I. mirabilis Hk.f., I was convinced that Hooker's regional
approach was in;orrect. Ne%t I turnedhtq Wafburg aﬂd Reiché (1895) :
which initislly seemed to ogfé: a more natural system. I was ' - 8
gratified to discover that ‘they had reéognized the affinity between
;_.' mire;bilis and. spme Deccan and Ceylonese Epiphyi:icae_; but
I. phoeniceg was still allied with other spécies of the Racemosae
and .with a number of species with white or pink flowers and long
spurs to which it bore no similarity. '

‘Mofe recently I diécovered Pgrrier% excellent monograph which,
as i have discussed in Chapter Iv; took a radically différent
' approach from-previous classbfi&dtions, and which seemed to offer a
rational amd blologically sdund basis for #pproaching éhe classif-
ication in Impatiens. In- this contekt, Grey—Wilson‘s.(l980g)
publication on the Impatiens of Africa has been of enormous assist~
ance, especi;lly beczuse of its many illustrations a;d the colored
photographic plates. This induced me to search the literat;re for
other illustratipné in order to supplement field and herbarium
studies in Southern Asia and to work out a classification of my owﬁ.
Although my revision, is only in iFs initial ét;geg, it is surprising
to seé how groups organized aleng the lines'Suggested by Perrier and
Gfey-Wilson begin to fall into place; and how often other types of
‘dgt; [ for example, Huynh's (1968a,b) ﬁollén studies] become meaning-

ful. At the same time, one must be aware that the task of reclass—

ifying Impatiens will by no means be ecasy. Some groups are very



315

obvious, others are not./ One major problem with using flower types

is the phenoménon‘oﬁ cdnvergence. As Grey-Wilson has pointed out,

certain species may have made the transition from one major group

of polllnators to another and will most likely combine florall
featufés of both types of flowers. This problem which brings:_
ecdlogy and phylogeny iqto conflict has been diécus;ed by Gould (1981),
and is one of the difficulties which will hé&e to be considered in
proposing a new classification so as to arrive at re§ults which will
satisfy a fairly broad clientele.

The following section summarizés some of Ehe groups, whidp I

believe are natural lines:

’

GROUP I

Diagnostic characters

*

Type A flower with petals of alae large; vexillum non-cucullate;
shallow, navicular antivexillar sepal with long filliform spur.

Pollinated by Lepidoptera.

Chromosome number: n = 4,7,8 and euploid taxa in Papuaéia based on

'r_l=-" 8- N . . i

Included Taxa

Africa

A, I, walleriana aggregate: 1. I. cinnabarina Grey-Wilsom,

2. E} hamata Warb., 3. I. messumbaensis G.M. Schulze, A.IL.'Eseudo-

hamata'Grey-Wilson, 5. I. Eseﬁdoviola Gilg, 6. 1. serpens Grey-Wilson,

7. 1. sodeni Engl.& Warb. ex Engl., 8. I. thamniodea G.M. Schulze,

9. I. usambarensis Grey-Wilson, 10. I, walleriana Hk.£.
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B, I. rubromaculata aggregate: 1. I. cecilli N.E. Br.,’

2. I. eryaleia Launert, 3. I. hoehnelii T.C.E. Fries,

4, I. hydrogetonoides Launert, 5. I. kentrodonta Giiéi@ ‘

6. I. lukwangulensié Grey-Wilson, 7. I. mazumbaiensis Grey-Wilson,
8: I. meruensis Gilg, 9. I. nana Engl.& Warb. ex Engl.,

10. I. oreocallis Laurent, 11. I. pallide-rosea Gilg,

12. I. pseudozombensis Grey-Wilson, 13. I. psychaedelphoides Launert,

B ¥

14, I. raphidothrix Warb., 15. I. rubrumaculata Warb.,

16. I. saliensis G.M. Schulze, 17. I. sylvicola Burtt Davy and

—
Dy

Greenway, 18. I. zombensis Bak.f.

Sri Lanka

r

"y

1. I. flaccida Arn;, 2. I. henslowiana Arn., (omitted I. bipartita
Arn. = I. cuﬁgidata var. bipartita Arn. which a;:;?HIﬂE‘tﬁ‘ﬁPe illus-
tration in Fernando (1954) has an actinomorphic corolla. Discussion
in Hooker (1874-73; 457) suggests that‘this is correct, but Hooker

(1904-06) gives lobes of alae as very unequal).

India

T

1.I. gardneriana Wt., 2. I. fruficosa DC., 3. I. henslowiana Arn,

4. 1. pulcherrima Dalz.

Malaysia

1. I. sarcantha Hk.f. ex Ridley.

Indonesia’

1.1. blumei Zoll.& Mor., 2. I. celebica Miq., 3. I. hubertii Hk.f.,
4, I. javensis (Bl.) Steud., 5. I. lancifolia Hk.f., 6. I. motleyi

Hk.f. ined., 7. I. platypetala Lindl., 8. I. radicans Zoll.& Migq.,
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9. I. zollingeri O.K.
3.

Philippines

1. I. burkel Hk.f., 2. I. hutchinsonii Hk.f., 3. I¥ merrillii

Hk.f,, 4. E: montalbana Hk.f., 5. I. quercetorum Hk.f.
%
Papuasia '

,1. I. hawkeri Bull, 2. I, herzogii K. Schum. 3. 1. linearifolia

. *

“‘Warb., 4. I. mooreana Schltr., 5. I. schlecteri Warb.

7

Comments

As a whole this is probably the oldest extant (or at least

most primitive morphologically) group of Impatiens species, and it

wés.recognized by both Perrier- (1933) and Grey-Wilson .(1980g). Tooker
(1874-75) and Warburg and Reiche (1895) distributed the species |
i@ciuded here among several sections of the genus, invariably allied
éo bucciniform taxa. The Dekcan species, I: gardneriana Wt., finds
its true affinities here,not in the section'Aunuée as’'was postulated
by Hooker and by Bhaskar (1975), since in addition to floral
characters, it sh?res the brown and rug;se seed testa with Group I,

as also do I. henslowiana Arn. and I. fruticosa.DC, ‘

The latter species introduces a special problem posed by the .
corolla in Group I, naméiy that the petals in a number of.the species
have become modified. This can be seen in Appendix 2 of Chapter III
in I. flaccidé Arn, (Microsepalae; in which the vexillar petals are
reduced) and I. fruticosa DC. (Subumbellatae, in which they arg

twisted), but on the basis of vegetative, palynological, and seced

character these are related to l3'piatzgetala-Lindl; and



. _5; hénslowipna Arn., respectivelf. In tﬁe I. Wallefiané aggregate,
.éi Esaudoviola Gilg and.Li‘éinnabarﬁna-cfey—WiIson poée a similar prob=
lem, - Thebestcharééters which identify taxa belonging to Group I are

the.overall flatness of the flower, the non-cucullate vexillum, and the
shallow antivgxillar sebaﬁhrith,a 1ong filliform spur. Given the probable

~age-of the group,'there undoubtedly has bheen considerable'diversification.

”

GROUP I1IX

.

Diagﬂosfic Characters
:Type B flower, petals of alae often leathery and much reduced; vex—

iilum deeply cucullate fo form a hood; antivexillar sepal.bﬁcciniform;

spury short ang often recurved; flowers; red, yellow, or green, often

in combination. Pollinated by bees or birds.

Chromosome number: n = 7,8,9,10,13,16,17 and 24, euploid species

ipreséht ;hr0ughout the range.

Pollen: 4icolpate, long rectangular.

. . Included Taxa

Africa

I. kilimanjari dﬁgregate: 1. I. bururiensis Crey-Wilson, 2..£l es=-

-neroidea Gilg, 3, I. kiliménjari Oliv..4.. I. 'quadrisepala.R. Wilczek &

G.M. Schulze, 5. I. russoriensis Warbh., 6. I. ulugurensis' Warb.

I. pomophylla aggregate: 1. I. austrotanzanica Grey-Wilson, 2. I. con-

golensis G.M. Schulze, 3. I. densifolia (Schulze & Wilczek) Grey-Wilson,

4. I. digatata Warb., 5. L. flammea Gilg, 6. I. gomophylla Bak.,

7. I. itebercensis R. Wilczek & G.M. Schulze, 8. I. keilii Gilg, 9. I.

miniata Grey-Wilson, 10. I. niamniamensis ¢ilg, 11. I. paucidentata Wild.

12. I. salpinx Schulze & Launert, 13. XI. tricaudata G.M. Schulze,
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14. I. tweediae E.A. Bruce, 15. I. ukagurensis Grey-Wjlson.
=vesc e — &

Madagaécar ' ' o - | %
Section Preimpatiens, Group Humblotianae: 1. I. amoena H. Perr.,

2, I, artongiliana H, Perr., 3. I,_Bicaudata H. Perr., 4. I. catati

Drake, 5. I. danpuyana H. Perr., 6. I, eriosperma H. Perr.,

7. 1. fuchsioides H. Perr., 8. I. fulgens H. Perr.,

-

9. I. humblotiana Baill,

©
sri Lanka

Il. I. walkeri Hk.£f.

India

»

1. I. auriculaga Wt., 2. L. coelotropis Fisch., 3. I. jérdoniae
 Wt., 4. I. munronii Wt., 5. I. parasitica Bedd., 6. I. phoénicea

" Bedd., 7. I.wceolata Bhask., 8; I. viridiflora Wt.

Malaysia
1. I. mirabilis Hk.f. :

Comments .

- -

.Thié group represents the second major phzipggnetic line. The
Aéiaﬁlspecieé_l. aurjculata Wt., I. jerdoniae VWt., I. Earaéitica BE?QQj//
I. viridiflora Wt. and I, walkeri Hk.f. were recognized as a natural
g}oup by Hooker (1874-75; 1904—065 and by Warburg and Reiche (1895).
Fischer (1930) placed I. coelotropis in the Racemdsae, but Bhaskar
(1975) correctly included it in the Epiphyticae. Perrier &£933) was
the first to recognize the affini;ies Between the African and Malagasy

1. .
\"r .
. bucinniform species. Grey-Wilson (1980g) grouped together all the .
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foregoing species and added I. munronii Wt. I have no doubt that

I. phoenicea Bedd. (see Chapter III, Appendix 2) belongs here

rather thaﬁ in the Racemosae, and iﬁ is gurprising that Bhaskar
failed to see this. Perhaps this‘was becauge it does differ in
habit from the other Deccan members of»grodp IT in having a weak,
sometimes pmstrate stem; but it is very definitely allied to'sucﬁ
African taxa as i, ukagfuenéis Grey-Wilson and I. digitata Warb.,

which are subepiphytes. 1In addition, it shares with the latter

" species a common gametic chromosome number of n = 10. Bhaskar

(1975) concluded that the Racemosae'(mipus I. coeloptropis) was a
natural group because all the species had a haploid chromosome
number of n = 10. As the photographs in Appendix 2 df Chapter III

demonstrated, thes Racemosae is clearly a "dustbin"” taxon, and this

 again underlines the dangers of using chromosome numbers per se

.-

‘to draw taxonomic conclusions in Impatiens. There is no hesitancy,

”

on my part to ally I. mirabilis Hk.f. .o the Epiphyticae. This

taxon has ,puzzled taxonomists for a long time (Hooker, 1909a;

’

Ridley, 1922) because under natural conditions it reaches a

+

‘height of about two meters. In the garden of the Forest Herbarium

in Bangkok there is a dwarf potted plant, which immediately made

"me recognize its affinity to I. parasitica Bedd. which I had been

collecting in the Travancore High Range just a few weeks before.

Subsequently, I- found that ﬁarburg‘and Reiche (1895) arrived at a

'similar conclusion.

It is interesting that among the African members of Group II,
there is oniy one’true.epiphyte (Grey-Wilson, 1980g and Table 3)

whereas in the Ceylonese and Deccan regions all the species of

(5
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Epiphytes in Group II
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Region Speciés Type of epiphytel-
T, T

African 1. I. digatata Warb. subepiphyte

2. I. keilli Gilg typical

I. niamniamensis Gilg ,occasionali

4. I. paucidentata De Wild. typical (prostrate)
Ceylonese 1. I. walkeri Hk.f. typical
Deccan 1. I. auriculata Wt. " typical (prostrate)

2. I, jerdoniae Wt. typical (erect)

3. ;E. parasitica Bedd. typical (erect)

4, 1. urceolata Bhask. typical (erect)

5. I. viridifiora Wt. typical (erect)

pd
‘;\-____,//

lUsing classification

of Oliver (1930).
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séctifn Ebiphyticae are epiphyteés exceﬁt }}‘COelotroéis Fisch,
ghich is a large éhrub. In‘fhis connection; the growth habit of
the African and Indian speéies differs, the former being sparingly °
bfanched while the Indién ones usually have a simple, unbranched B
stem, Furthermore, in collecting I. parasitica Bedd., I discovered
that this speciles has a.moniliform tuberous root, contrary to |
Iearlier repor;s (ﬁooker, 1874;75; 1904-06; Bhaskar, 1975). I have

M

never observed this feature in herbarium specimens, but this is

. \ :
not surprising since the stem is very ;uqculeﬁt and easily snaps off
at ground level, Cutfinés,dé'not appear té readily regenerate
this type of root system. It may well be that this is an adapta-
tion to epiphytisd only fdund in the indian specles fotr, according
to Grey-Wilson (19803)? all of the African taxa of Gr;up IT have a

fibrous root system. The prevalence and distribution of moniliform

roots in -the Epiphyticae needs further clarification.

GROUP III

Diagnostic Characters e

Type A flowefé} alae deeply lobed and with conspicuous throat
miarkings; antivexillar.sépal shallowly navicuij:>with long fillifbrm
spur; flowers pink, purple or white. Pollina by lepidoptera.

Seeds, minute with long spiral hairs which uncoil when wet and .fasten

to the substrate.

Chromosome numbers: n=26,7,8,9,10; n = 16 and 20 are thought to be

euploid counts. Chromosome determinations have been carried out only

in Scapigerae.
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Pollen: 3-colpﬁte with triangular equator.

*:Included Ta! \

Africa

1. I. ethiopica Gfey-Wilson, 2. I. filicornu Hk.f.,

3; Iagkongolana N. Hallé, 4. I. kamerunensis Warb., 5. L. nigeriemsis

+ Grey-Wilson, 6. I. oumina N. Hallé, 7. L. palpebrata Hk.f.

3. I. percordata Grey-Wilson.

]

Sri Lanka

1. I. acaulis Arn: ~

India
=

1. I. agdmbeana Bhask., 2. I. bérberi Hk;f.; 3; I. clavicornd
Turz. &4, I. crenmata Bedd., 5. I. dendricoia Fisch., 6. I. densonii
Bedd., 7. I. gracglis Beddp, 8! I. laticornis Fisch., |
9; I. lawsonii Hk.£., 10. I. levinge? We., 11. I. modesta Wt,,'. —

12. I. nairii Bose, 13. I. neo-barnesii Fisch., 14. I. niligrica

Fisch., 15. I. orchoides Bedd., 16. I. pandata Barnes,

»

17; 1. scapiflora (incl, I. rivalis we.), 18. I. stocksii Hk.£.& T.

A

Comments | L *

Hooker (1974-75; 1904-06), Warburg and Reiche (1895), and .
Bhaskar'(l§75)'regognized the India; species as a natural group.
Grey-Wilson (1980g) treated all the African species of Group III as
a single complex, the l.'filiéornu aggregate, but had some hesitancy
in treating the African and Asian taxa as allied because in the former,
the stem is‘cauiescent; in the latter, acaulescext. In the first

place, the seeds are unlike any found elsewhere if the genus.
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+

are epiphytes and.ﬁhe acaulésaent.stem is obviously a modification
of life~-form to an aerial,eﬁvironmeﬁt; one can see tﬁg transition in
the Afriéaﬁ specieé L. ethiopica Grey—Wilsbn'which has a very short
stem with only one or two nodes. In addition, all the Indﬁan‘species
' .have a.tuberous rootétock, whereas the Afriéan‘oﬁes are rhizpﬁatous.

As far as I have been able to ascertain, none of the species of the

{ ._E.,filiéornu aggregate are subjected to seasonal drought, whereas

: ?P\:£1Y‘§E the Scapigerae are. For example, at Materan and MahéBleshwar

in Haharashtra, 1. acaulis Arn. (I. érécilis Bedd.) has a.four month
growing season (during the southwest monspon). For the remainder of )
the year, the substrate is dry and hard. Consequently, the tubgrs

are dormant for most of thé year. [Plants of several scapigerous.

species grown in thé greenhouse at Macdonald College have for the last

two years exhibitgd'é phenolégical cycle exactly the same as -the oné

" they undergo in india eveﬁ though the two enéironments are very
differen:l(Tablé 4)., This.suggests that dormancy is undér strict
genetic control. Sincelthe monsoon is very regular (Mani, 1974) this’
poses no great hazard. _ 1

Warburg and Reiche (1895) recognized two sections in the subgenus

Acaulimpatiens: section Scapimpatiens (I. acaulis Arn., I. denisonii

Bedd., I. rivalis We., and I. scapiflora Heyne) and Orchimpatiens
(all small-flowered-and having a spur shorter than the flower). The

flower in the Scapimpatiens is indistinguishable from- that of the

1. filicornu aggregate. In this ‘context, it is interesting to note
that Grey-Wilson reports that the species of the I. filicornu
by ~eo o fistcornu

aggrégate occupy rocks in waterfall zoPes. Similarly the Scapimpatiens

’

.
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Table 4

. Comparison of the phenology of some scapigerous Imgatiehs in
. o . 1

natural and greenhouse populations

Active growth period (Months)

Species Herbarium and f&eld Greenhouse
I. acaulis Arn. ' ' v -xb vI - x°
1. clavicornu Turz. - . ' II - XI . II - XT
I. levingei Hk(f. - I -'XI _ _ I -XI
I. modesta Wt, . vV -X ) . V=X

' niligrica Fisch., VI - X VI -x

|
.

I. scapiflora Heyne
: var, pseudo-acaulis Bhask, vV - IX ‘ V-X

lThis is a record for Maharashq;al In North Kanara at the southern

limit of the range, the dates are V - XII,

2Has produced leaves, but not glowe ed.
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are found growlng on the vertical facés ;f rpcks ﬁithin seasonal
wateyfalls, whereas the Orchidimpatiens are found on trees in sholas
(a2 high eleéééion humid and subtemperate forest formation ﬁhiéh
characterizes the Western'Ghats of Southern India). This suggests
that tﬁe Scapimpatiens are older than'the‘Orchidimpatiens. The‘one
Ceyionese membef of this group (I. acaulis Arn.)'has all the charact-—
eristics of the Scaﬁimpatiens; In my opinion,.it is morphologicaily
not éuﬁvalent to the I. acaulis Arn'dwhich is found in’Goé and

Maharashtra. All the herbarium specimens collected from Soﬁth Kanara

to the Niligris are referable to I. scagiflora‘vaf. pseudo-aéaulis.

Since the types of I, acaulis Arn. (Arnott, 1836) are referable to
the Ceylonese taxon, the correct name for tHe Indian material is

-« .

;3 gracilis Bedd. (Beddome, 1859).

GROUP IV

Diagnostic Characters

Leaves opposite, sessile or subsessile, linear; flowers small to

" minute; modified Type A; vexillum deeply cucullate with ?yominent

costa; vexillar petal of alae reduced, antivexillar petal ovate;
antivexillar sepal deeply navicular, with short, straight Fliliform
spur. Flowers white, yeilow or purple. Pollinated by bees. /Seed

.globose, black and shiny. . //

Chromosome number: n = 5,6,7,8, and 13.

., y

Pollen: 4-colpate with square equator.
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"Inc¢luded Taxa '

Africa

1, 1. assurgens Bak.

Ceylon
1, I. oppositifolia L.

India
. Annuae: 1. I. alicia Fisch., 2. I. chinensis L., 3. I, coccinea

Hk.f., 4. I. dalzelli Hk.f.& T., 5. I. debilis Turcz., .

6. I. diversifolia Wt., .7. I. herbicola Hk.f.,, 8. I. inconspicua

Benth,(= 1. pusilla var. inconspicua in Bhaskar, 1975),

9, I. kleiniformis Sedw., 10. I. kleinii W.& A., 11. I. lawii Hk.f,

-~

& T., 12. I. lenta Hk.f., 13. I. ligulata Bedd.,

14, i, munnarensis-Barnes, 15. I. oppositifolia L.,  16. I. pallidi-

flora Hk.f., 17. I pusilla Heyne, 18. I. raziana Bhask., o
19, 1. rheedii-ﬁ.& A., 20. Esftenella Heyne, 21. I. tomentosa

Heyne.

Burma

~

1. I. chinensis L., 2. If'craddockii, 3. 1. ecaléarata Coll.’
& Hemsl., 4. I. helferi Hk.f., 5. I. masonii Hk.f., 6. I. ﬁéoéiti—'
— T
folia L., 7. I. xeticulata Wall.

Thailand

1. I. chinensis L., 2.‘1.‘pseqdochinensis Shimizu.,

-
.

Indo-China .

~
1. I. chinensis L.
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Commeénts ‘

-~

The Annuae of Hooker'(1906-06)Jcon5titute a natural grOup.if
one removes I, gardneriana We, whic;‘haé vérricillate leaves,
relatively aqtinoﬁorphic petals, a ﬁon-cucu%late vexillum, and brown
rigose seed. 1In order to adcoﬁmodate this species in the Annuae,
Bhaskar (1975) was forced to erect a sepaéate monotypic subsectidn
(Verticillatae),.whé?eas it obviousiy is better accommoaated in‘
GroupII.

Only oné‘species of Group IV occurs in Africa, and I haye found
no evideﬁce of its presence iﬁ Madagascar. In India and adjacent
portions of Asia, I have observed that the group is restricted to
a growing seaéon which corfesponds to the period of the southwest
monsoon, which suggests that it is a relatively laﬁe line in the
evolution of Impatiens. From my observation of the various species
under natural conditions, the group appears to be more tolerant of
open and dry conditions ‘than any other group of South Asian Impatiens.
The plgnts of all the taxa are sAall,'weedy'and have very reduced,
often leatﬂery leaves. |

The species in this'group are among the most difficult of all-

Impatiens to distinguish. Bhaskar (1975) attributes this to extensive

hybridization and considers I. tenella, I. diversifolia, T. opﬁositi-

folia, I. 1awii,_l, lenta, and I. debilis to be sbecies of hybrid
origin. On the other hand, I find aftéf workiné with herbarium and
field material that the group has been‘spliétered on the basis of
minute and taxonomically doubtful variation. TFor example, I. rheedii
W.& A, is distinguished from I. kleinii W.& A. by having larger

leaves and fruit, while the latter species is in turn distinguished

A ’..‘z{M

Y RALE
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from 1. kleiniformis éedgewick by having glabrous pedicels,
presence of small extra-floral nectaries at the base of the leaves,

and a short spur. Igpatiens‘kleinifofmis is reported to occur only

at the type 1dcality (Castle Rock, Goaj, but plants wvhich I have

collected at Khandala showed a ma;ked variation in size of the.

4

nectaries (including their absence) and'some,plants had pubescent

'peaicels and so approach I. kleiniformis. There has been a téndency
iﬁ India to collect and recollect’at the. same localities because so
few places are readily‘accessible to botanists. Consequently, we
know very little absut variation over the entire range of most taxa.
There is no doubt in my mind that many of the species which have been
described are merely local varignts. While I am not sure that much
can be done to improve the situation in terms of coverage, I do think
that this problem should influence the weight one gives to minor .

variations. ' . .

’ . GROUP V

‘Diagnostic Characters

. Flowers epedunculate and usually in fascicles of two or more in
the leaf axils; flower modified Type A; vexillum deEpiy cucufiate;
antivexillar petal obovate; vexillar, less Ehan ﬁalf as large and
bilobed; antivexilliar sepal &eeply navicular and abruptly constricted

-

into filliform spur. Bee or bird pollinated.
Chromogome numbers: Unknown.

‘Includéd Taxa

Afri;a .

. : ' v
1. I. burtonii Hk.f., 2. I. glandujisepala Grey-Wilson,
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3. I. leedalii Grey-Wilson, %, I. polyantha Gilg, 5. I. quisqualis

Laurent, 6, I. rosulata Grey-Wilson, 7. I. shirensis Bak.f., o

“, 8. I. volkensii Warb. . (S

A
.Sri Lanka

l..l.'tagrﬁbanica Hiern. . o

Comments
Morphologically,'if one is acquainted with the species, this is
a very distinctive group. Impatiens wolkensii Warb. is the oﬁly

'

species which is known to be ornithophilous. Group V is probably

represented on Madagascar (Section Preimpatiens, Group Vulgares
Perrier, 1933) but this must’ await é;nfirmation using herbérium
specimens. I have found no evidence that this group extends to

the Asian mainland.

GROUP VI

Diagnostic Characters

" Perennials with scrambling or upright pubescent stems; leaves
o§ate, membraﬁous andjﬁubescgnt; inflores;;nceé subumbellate
racemes OT true‘racemes; flowers modified Type A; vexillum cucullate;
antivexillar'petal of.alae large and ovaté; vexillar, narrow oblang
and much.redﬁceq;'antivexiilar sepal shallowly navicular, abruptly

constricted into filliform spur; flowers bright pink or mauve.

Lepidoptera pollinated.

Chromosome number: n = 10 (only I. maculata Wt.)
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Included Taxa

CAfrica ) : ' >

1. I. apiculata De Wild., 2. I. masisiensis De Wild.,
. ‘ '

3. I. stuhlmannii Warb., 4. I. warburgiana Schulze & Wilczek.

Madagascar

1. I. longipedunculata Perr.

India | -

1. 1. maculata Wt.

Comments

This group, Liké the precgediné one aﬁpears small. In the
ﬁecbah Region, E; maculaté We. (Appendix é,'Chapter I1Y) is totally
isolated ta#qnomically vhereas it shares a number of diagnostic '
characters in c0mmbnlwith the African and Malagasy species enumerated

~

above, .

The Origin of Impatiens : _ o o

The distribution of the groups which ha%?:)een described in the

foregoing section, together with the'abéencg of the genus from South
- .
America, suggesﬁs that ImEhtiens evolved after the separation of .
Western and Eastern Gondwanaland (100 m. y. B. P.), but before the
separation of AMrica, Hadégascar, and India {63 m., y. B. P.; accordingl
to Raven- and Axelrod, 19?4)]. There i; no evidence to support
Khoshoo's hypothesis that Impatiens originated in the Himalayas
V4

"because the species there appear more primitive morphologically."

The Himalayan speciles have'a highly evolved Type B flower and it is

difficult to imagine their having given rise to species with
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relatively actinomorphic corollas suéh as found, in GroJ%Tf. {E:’

is true that the vegetative parts of the Himalayan specles are

-quite simple compared to those of many tropical taxé, but this is

clearly associated with the evolution Qf an annual habit which
. P

" permitted these §pecies‘to overwinter as seed in an environment

P

which otherwise would be unsuited for Impatiens with its extremely

succulent stems.

4

Epdemic Species

It still_femains to be explained why the imgatiens species of
lower lacitﬁdes tend to have very restricted ranges. It was first
pointed out By'Beddome (1855) that in the tropics, Impatiens is
almostigxclusively a montane genus, but éith the exception of
Bhaskar (l§75) no subsequent botanist has considered the'implica;iéns
of this observation. 1In Appendix 1, ranges ére given for Deccan,
Burmese and Himalayan sﬁecies of Imgaﬁiens. It is evident that a
ﬁajority-qf the specigs are found at elevations above 1000 m; and

2

some species occur at elevations up to 4,000 m (e.g. I. sulcata

* Wall. and I. urticifolia Wall,). Furthermore, according.to Hooker

@ -

(1904~06) and Comber (1934) there is an extensive and taxonomically
difficult subalpine balsam flora in the Himalayas and Burma which
barely has been collected, much less described and classified.

Grey-Wilson (1980g) reported very similar data for Africa. Although

‘elevations in Southeast Asia are lower, it 1s evident that the same

general pattern 1s found in this region. A majoritwgof the Thai

(ShimiZu, 1970), Indonesian (Backer and van den Brink, 1963) and

. Papuasian (Winters, 1973) taxa ére”drophytes. _As Cain (1944), Razi
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(1955), Mani (1974), and Bhaskar (1975) have poihted out the climate

" and vegetation in the tropical mountains is essentlally subtemperate.

For example, the hiéhe t tempera;ure‘recorded at Oot;camuﬁd in the
'NiIgri; iq'EQOC, and the average is 15°C.. Since the mountain
systems of thg'ifopics are isolated froﬁ each other; they are
analogou§ tp islands in a phytogeofraphic semse. In contrast,

temperate gpecies of Impatiens all occur at low elevauiﬂﬁs (Russell,

I976), and these taia‘ére all wide ranging (Tab1e 1).
4 . ’ .

PHYTOGEOGRAPHY RECONSIDERED

From tbe foregoing observations, it is evident that we must

. . [ ‘
distinguish between two phenomena in Impatiens in the 0ld World

~

Tropics and Subtropics. On one hand, we have the individual sﬁecies

which for.tﬂe-most part are highly endemic. On the othef'hand, we
hav; the natural sections (phylogenetic linés) which in-many cases
cui across regional boﬁndarges. It is one thing té prepare a bal-
‘sam flora of Thailandias Sgi;izu.(i970) has abne, it is quitg s
a different one to make a comparativg'study of the cytoev&lution of

the genus in South India as Bhaskar (1975) has done and which I

initially planned, when in most cases the nearest relatives of each

group are her species in South India, but species in
Africa apd Madagascar. The whole concept of cytogeography (based
osome number per se) i1s meaningless'in Impatiens because
over most of its range, evolution has.fpilowed from numerous
phylogeneﬁic lines each with more than'one cytotype.

It is not astonishing to f£ind few links between tﬂe Impatiens

flora of the Deccan and. "adjacent" portions of the Himalayas,

. -
L v
~f

ol
-
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These two argas happen to be inciuded in a single poli;iéal unit
(Indias, but phytogeographically they form two very'diSt;nct provinces
with markedly different floras and.féunas (Mani, 1974).1 What is
sufpriéing is the number of authors Qﬁo havé.confused these two
entities (Hbﬁker, 1904~06; Chatterjee, 1939, 1962; iones and
‘Smith, 1966; Bhaskar, 19735 Grey-Wilson, 1980g). Based on the
concept of phytoggogfaphic provincés one camn expectlthe Deccan
species to be allied to those of the Ceylonese and Malayan regions
and those of the Himalayaé to the Imgatiéns of Assam and Burma

{Shan States).’

NLNILY PR



APPEWDIN 1, . glevations at wiich some

APPENDIX 1 :
Asian species of Impatiens are found based on nerbarium collections

Region

Species

!

W. llimalayana

[V
.
-

O o~ o v e W N
- L] - - - . » -
= e e T R T T T [
. - L] L[] - . '] - -

-
(o]

=
»

13. I.

14, 1.

1
balsamina

eThndulifera’

3
sulcata

thomsoni”

5
amplexicaulis
]

bicornuta3
bicolor2
lemanni6
5
violoides
L4
aitchinsoni

balfouri”

flemin5114

edgeworth114

tingens5

Tahle cont'd,

!

i

-

800 ~

R

1200

© 1600

\

2000 -~

2400
2800

Elevation (m)

- 3200

4400

4800
gee



AYPeNDIX 1.

Cont'd.

W. Himalayan (cont'd.)
'15._1.'racemosé

16, I, laxiflora5

8
u : 17. I. brachycentra

18. I. Earviflora7

v

19, I. inazatii4

20, I, crista3

21. 1I. scabrida7

22, 1. glaucé6

=

23. serrata9

|

N

. 24, 1 serrulataa

E. Himalayana

-1, T, bracteatalo

2, 1. Qulchra6
;
Table cont'd.

800
1200

2000

2400
2800

Elevation {m)

3200

3600

'4000

4400
4800

9gt
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_ L APPLNDIX 1.  Cont'd.
E. Himalayan (cont'd.) "1 S
' .1 . PO
3. 1. balsamina’ . - .
- . H :
4. 1. trilobatal'o- :
11 1 -
5. I. tripetala _ 7 - .
12 .' ‘

6. I, florigera

7. 1. 1[‘1131'mdibu1ar1‘_5£l

8. I. exilisli

9. I. sulcata~

10. 1. thomscnia
11. 1. b:I.cm:nut-:l.l3

12. 1. jlltip&13

13, 1. cathcartii6
oatnearlii

14. I. cymb :L".c'era6

. 5. 1. discolor7

3 : , :
16. I. urticifolia : —_
‘ |
I L]
i " ] L [l 1
) [ ! o o o o
Table cont'd. 8 8 8 = g = =
: e © ~ v o e 0.
— — ~ o~ o~

Elevation (m)

'».

3200
3600 - .
4000
4400
4800
LEE
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APPENDIX 1, Cont'd.

E. Himalayan (cont'd.)

17. T. gamblei’
18. I. wallichit®

19. 1. radiata’

20. I. gracifloraé

21. 1. 1axif10ra5

-

-22. 1. racemosa7
23. 1. rn:f.t::rosciadialI
: -
24.;;; min:l.l'nj:florall
-25. I gammie14
26. l{ tuberculata6
o 27. 1. gfichocladoné
28. 1. longiges6
29. 1. Eantlingiif
4

30. I. bivittata

Table cont'd.

e — i i——— e i

400

800

1200

1600

2000

2400 -.
2800

Elevation {(m)

4000

4400

*-

4800
8LE
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APPENDIX 1.

Cont'd,

E. Himalayan (cont'd.)

31. 1.
32. I.
33. 1.
34. 1.
35. 1.

367 1.

37.

| =
.

38.

i

39.

| =
(4

40.

.
.

a
Burmese

1. l.

2. 1.

1

Table

4
stenantha

sgirifer36

7
Euberula

! 4
acmanthera

argut36

decibiens4

4
occultans

lutea4

uncigetala12

falcifer4

bracteatal
6
pulchra

cont'd.

400

800

1200~

1600

2000

2400
2800

Elevation (m)

3200

3600

4000

4400

4800
6EE



Burmese (cont'd.)’

3, I. latiflora’

4. 1. acuminata’

5. I. racemulosa3

6. I. curvines4

3
7. 1. porrecta

8. I. khasiana4

t
9. 1. annulifera4

10. 1I. cusEidifera4

11, I. striolat34

12, 1; formoéaa
LY

13. I. radicans
12

14,.1. stricta

15. 1. chinensisl

. 1aevigata3

|+

16.

——— e s — e i em 4 ¢
' N .

Table cont'd.

b

Aqd'

APPLEIDIX 1. Cont'd.

800

1200

1600

-

2000

2400
2800

Elevation {(m)

3200

3600 -

4000

" 4400

. 4800
o%e
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APPENDIX 1. Cont'd.

Burmese (cont'd.)

-

17, 1.

18, 1.

19. 1.

20. 1.

21.

|

22,

|
.

23. 1.

r

24, 1.

' 25. l.

Deccan

26, 1.

2. I.

Table

watt114

juri 313 ;
AuEtea |

radiata6

7
racemosa.

Ealudosa6

angustifloraa

bracteolata*

drepanophora

_ 4
prostrata

4

4
depauperata o

15,c *
acaulis™ "?
16
agumbeana —_—
. K 1
1 L] )
t (=] o o o o
cont'd. s b o o S
= w0 ~ 0 S
~ - ~

2400
2800

Elevation {m)

3200

1

3600 -

4000

4400

4800

1843
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Deccan {cont'd.)

10,
11.
» 12.
13.
14,
15.

16.

-

I L T L B T L R O (S I T

|

l-

barberi
clavicornul7
1
crenata
dendricola19
laticornusl9
4
Jawsonii

modestazp

neo—-barnesiil9

niligrical9

orchiodesl8

21
_pandata

scagiflora22

stocksii6

auriculata20

Table cont'd.

i,
— ¥
-
—
i y
—
1] i 1] ’ .
] L} 1
&
o o o, o o o o
o o o o o o S
= ) o1 D =) 3 @
— — ~ N - 0~

“Elevation (m)

3200

3600

4000

4400

i

| 4800 - °

(44"
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| , © .

Deccan (cont'd.) |
17. I. coelotroEisl9 e ! o ' ) e
" 20 o '
18. I. jerdoniae -

19. I. munron1120 ; —_——— ' . ‘ -

20, I. ’Earasiticalg o . —_— i .

21, I, Ehoaniceal8 : _
22. 1. urc:e.culatal6 : —

23. 1. viridiflora2® : _ - - q o

24, 1. alicise L -

25. 1. chinensisl : ' : ' =

26. 1. dalzellii®

27. 1. diversifolia> . . -

28, i herbicola4 ' ' -

29. I. kleiniform1523 — ' ‘ - .

kleiniiza

30.

(=
1]

~ Table cont'd.

400
800
1200
1600
2000 :
2400
2800
3200
3600
4000
4400
4800

Elevation (m)

Eve
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Deccan (cont'd.)

31. I. lenta”

32, I. ligulata’®

33._5. munnarensisz;
34, 1. oppositifolial
'35, I. pallidiflora’
' 22
36, I. pusilla
" 37. 1. razianal
38. I. tenella22
2
39. I. tomentosa
40, I. balsaminal
41. 1. cochinicaq
' 24
42, I, cuspidata /~/
43. 1. flaccida15
I. floribunda20

b4,

Table cont'd. -

APPLHDINX 1, Cout'd,

400

800

1200

1600.-

2000

2400
2800
3200

“Elevation (m)

3600

4000

4400

4800

79t
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Cont'd,

‘Deccan (cont.'d.)}

45,
46.
47,
48.
49.
50.

* 51,

52..

53,
54,
55,
56.
57.

58.

I. lat:lfolia:L

I. leschenaultii3

I. talborii®

_I_-. -henslowianals

I. ’1:'1:u|::i~c:t:n=;a25

I, grand1522
1. viscid320

I camEanulatazo

I. vis u:osal8

I. amissa '

. 18
1. elegans™

__I_.. um’lgellata26
1. .avancoricala

18
I. tangachee’

Table cont'd.

——
—_—
i ]
Fr———
[V R, »
M L}
l—
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)
= = =
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2400
2800
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bBased on herbarium specimens at BLATT, BSI, MH and the pres

in Bhaskar (1975).

cPr'operly I. gracilis Bedd.

o

lauthority'= L. 6Hk.f.,& T,
2Royle 7Db.

3 8

Wall. - Kar. & Kir.
4 N 9

CHk.f. Benth.
5Edg'ew. 10Coleb.

Bl

11
12
13
14
15

Roxb,

C.B. Clarke

Ham,
Coleb. =

Arn.

R

1thask.-

19
20

- 7Turcz.
18

Bedd. -
Fisch.
Wt

L

2-1Bs.n:nes
22
Heyne

23Se_dgw.‘

24y, & a.

25

Lesch,_

+

@3{ author's modification of sections 1in

26Heyne & Roxb.

, APPEMDIX 1. Conv'd. - i
Deccan (cont'd.)
19° .
39. 1. maculata s . o
—_— e
60. 1I. wightianal8 : . —
¥ i : . ~
! AN
| : » ,
. l- W . 1 -
= o o ‘o o o o o o o o c
o o )=t o o ) o S o o o S
s @ 1 v o 3 © & o o 3 &S
— — & .~ o~ ™ A < T e
- . Elevation (m)} B
,aBased on Hooker, 1904-06.
' \L
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INTRODUCTION

\

The family Balsaminaceae A. Rich. i5.both coherent and distinct;
cénsequently, ‘there has been viﬁtually no disaéreément'(except Blume,
1825) as t6 its bOunAaries. On the other hand, the Balsaminaéeae has
yong been the subject of controversy as to it; rank (i.e. tribe,
‘family, order), its afﬁinities to othef dicotyledonous families
(specifically the Tropaeolaceae and certain families of the Polygales
or Sapindales), an& to the huﬁgér of genera which shouid be recog-
nized., For. example, two recent works.on IﬁEatiens (Bhaskar, 1975;
Grey—Wiléon,‘lQBOg) have assumed that the Balsaminaceae are a ge;an-

alian family. These same authors together with Airy-Shaw (1973)

have enumerated valid and invalid genera which are more the product of

" rradition than a major reorganization of the family reflecting the

main phyloéﬁnefic 1inés} .A réview_of'the 1iteraturé clearly ipdicat%s.
thaﬁ many of thé intef— and iﬁfra-familial relationships whiéh have:
been postulated are based én extremel? weak evidence and consequently
should not Le considered as'Fesolved. "To lend support to this cbn-

tention the following review is undertaken,

DIAGNOSIS OF THE FAMILY

Balsaminaceae A. Rich. in Dict. Class. Hist, Nat. ii: 173 (1822);
De Candolle in Prod. i: 685(1824); Wight and Arnott in Prod. Fl. Pen.
Ind. Orient.: 140(1834); Arnott in Hook. Comp. Bot. Mag. i: 321(1835);
Beddome in Madr., J. n. s. iv: 66(1858); Miquel in Fl, v, Nederl, Ind.
i: 130(1859) and iv: 161, 396(1860); Hooker and Thomson in.Praecur-
siones ad Fl. Indic., "Balsamineae", J. Linn. Sog. iv: 106(1860);
Bentham and Hooker in Gen. P1. i: 277(1862); Hooker in Oliver, F1.
Trop Afr, i: 298(1869); Baillom in Hist. Pl.: 17(1874); Warburg and

[ e
2ty et v Ea
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Reiche in Prantl and Engler in Nat., Pflanzenf. iii(5): 383(1895);
Gilg in Bot. Jahrb. 43: 97(1909)4 Blatter in J. Bombay Nat. Hist.
Soc. 36(2): 307(1933); Bailey in Man. Cult. Pl.: 643(1949); Hutchin-
son in Fam. Fl. PL. I: 499(1959); Backer and van den Brink in FLl.

* Java I: 248(1963).

Nomenclature

The Balsaminaceae was first treated as a family by A. Richard’
(1822), Although his actual designation was "'Ordo Balsamineae",

under Article 18.2 of the International Code of Botanicai Nomenclature

fStafleu et al., 1978).namesrintended as family names, but preceded
by "ordo" or "ordo natural” are considered as having been published
as family names, At first sight, a subsequeﬁt difficulty arises
because the typus of the family is the genus Impatiems L. (in accord-
ance with the strictures of Article 13.1), and "Balsaminaceae" was

derived from Balsamina P. Mill ex Riv. (Miller, 1754) which is a

nomen illegitimatum (declared so in Appendix II of the. Code).

Despite this, the name "Balsaminaceae" is a nomen conservandum by

Article 14.1 because family names derived from genera (whether them-
selves legitimate or not) used by Jussieu (1789) are retained.
Blume (1825) described a new monotypic family, the Hydroceéga-

ceae, which contained a single species Hydrocera angustifolia. n

~contrast to Ehe Balsaminaceae, the Hydroceraceae wés.typified by
having five sepals, five free petals, and a drupaceous fruit. The
family was merged with the Balsaminaceae in 1834 by.Wight and Arnott.
No subsequent taxonomist has suggested that the Hydroceraceae be

reinstated.

e
AT
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General Feétures of the Family

The Balsaminaceae consists mostly of herbs (some species of

Impatiens sernsu lato are suffrutescent) with succulent and caulescent

stems (excepting section Scapigerae in Imgatiens). The phyllotaxy is

" distinctness of the taxon:

opposite, alternate, or verticillate. The leaves are always simple,

usvally exstipulate, the margins never entire (excegt occasionally

in Hydrocera), and the venation pinnate (except in section Scapi-

gerae). Extra-floral nectaries are frequent and diverse. The flowers

are perfect, basically pentaﬁérous, and to varying degrees zygomorphic.

They usually resﬁpinate during ontogeny. tThe lateral sépals.are
foliaceous and imbricate; the odd or antivexillar sepal is modified
int é gibbose, petaloid structure which uspally terminates in a spur
(excepting Section Trimorﬁhopetalum of Impatiens). ‘There "are five

petals, one of which is always free, while the remaining four arc

" free or connéte to varying degrees. The stamens are monadelphous or

syngenesious, forming a cap over the gynoecium; a few didymous ex-
ceptions are known. The ovary is superior. The fruit is a dehiscent

capsule (except perhaps in the genus Hydrocera). The seeds lack

endosperm, and the embryo is straight.

Rank
Taxonomists subsequent to Richard have assigned various ranks
to the Balsaminaceae which reflect.the author's opinions as to the

H >

1. Order (Balsaminales): Huynh (1970).

2. Family (Balsamiﬁaceae,‘Balsamineae): De Candolle (1824},

Warburg and Reiche (1895), Cilg (1909), Hallier (1912),
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Bessey (1915), Hutchinson (1959), Melchior (1964), Cronquist
(1968), Thorne (1968, 1976), Dahlgren(1975), Soo (1975),

. Takhtajan (1980)...

3. Tribe (Balsaminae): Hooker and Thomson (1860), Bentham and

Hooker (1862), Hooker,(1874475).

GENERA OF THE BALSAMINACEAE

A review of the literature indicates that seven genera have been
recognized in the Balsaminaceae: Balsamina Miller, Hydrocera Blume,

Impatiens L., Impétientella Perrier, Petalomena Peter, Semelocardium

Zollinger, and Trimorphopetalum Baker (Table 1). Airy-Shaw (1973)
in the latest addition of Wills' "Flowering Plants and Ferns"

éccepts the validity of four of. these genera (Hydrocera, Impatienng

Impatientella, and Semeiocardium), and places the remaining taxa in .
synonymy with Impatiens. Bﬁaskar,(l975) recognizes threé genera
") .

(Hydrocera, Impatiens, and Semeiocardium), while Grey-Wilson (1%80e,g)

concludes that only two are valid (Impatiens and Hydrocera).

There is no monograph.tréating the genera of the Baléaminaceae.
With the exception;of Balsamina, each genus was established on the
basis of a single species which was,thought to deviate significantly
from ImEatiehs,'usually.by botanists not well-versed with the enor-
mous variaﬁion to be found in the latter genus. Cbnsequently, genera
often have been split off in an entirely arbitrary manner. The
following discussion does not constitute a monographic treatment of
the included genera of the Balsaminaceae. It is merely a preliminary
survey bringing together for the first time data from maﬁy.scattered

sources, and includes an evaludtion and discussion of the criteria
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‘Table 1

Genera which have been recognized in the Balsaminaceae

*»

Genus No. species Distribution' Habit
1. Balsamina 37l ' 0ld World Tropics herbaceous
: and Subtropics, to suffrut~
North Temperate Zone = escent
2. Hydrocera 1—32' Southern Asia ' herbaceous
. (India to Indonesia)
3. Impatiens . 400-10003 0ld World Tropics herbaceous
and -Subtropics, to suffrut-
Temperate Zones escent
4., Impatientella 14 Madagascar herbaceous
5. Petalomena '_1—-25 Africa herbaceous
6. Semeiocardium 16 Sunda Islands herbaceous
7. Trimorphopetalum 394 . Madagascar herbaceous

15y specific epithets are listed under Balsamina in the Index

. Kevensis + Suppls. Of these, eight are synonymous.with I. balsamina L.,
three with I. chinensis L., and one each with I. glandulifera Royle,

I. noli-tangere L., and I. scabrida DC. :

2Depending on the taxonomic status of I. natans Willd.,
1. madagascarensis DC. and I. triflora (L.) W.& A.

3400 (Mani, 1974); 500-600'(Chatterjee, 1939); 1000 (Grey-Wilsonm,
1980e)}; 900 (Grey-Wilson, 1980b).

4Perrier (1933).

-5(1, Grey-Wilsen, 1980g); {7, Peter, 1928).

. )

6Backer and van den Brink (1963).
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which have been used to distinguish the various genera. Finally,
there is a brief discussion of the consequences, in the context of . -
dﬁéﬁnclature)cladistics and phylogenetics, of recdgnizing any genus
o f'. L .
other than Impatiens.

>

Note on Typification: In théischeeding éections, the subject of

typification of varilous taxa is discussed in some detail. For this
reason, the subject will be briefly reviewed heﬁe. Typification as
now practiced by taxonomists is historically a“product of éhe first
helf of this century, and Tt-is only from Jan;ary l,-1958,-that the
nomenclature type or typus mﬁst be designated in order for a new
taxen to be validly pubiishéd (International Code of Botanical
Nomenclaarre, 1978 (Stafleu et al., 1975); Article 35.1; hénceforth

tﬁé Code will be abbreviated to I.C.B.N.). The following points

should be noted: .

8

1. The typus rules apply at the rank of family or-lbwer-(I.C.B.N.,

y
Article 71.). The typus is the element to which the correct name of

the taxon is permanently attached, whether as the correct name or as .

-

a_synonym. The typus need not be the most representative element

of a taxon (Article 7.2).

2. The element which is the typus need not be a specimen; it may

be. a description or figure (Article 9.3).

3. Effective publication is that which conforms to Artfecles 29-31,

. concerning distribution to the botanical community.

&, Valid publication is in accordance with Articles 32-45,

governing the components of a proper diagnosis or protologue

{ = first discourse).
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5. A legitimate name or epithet (correct name) is one which

~

qpmplies ;ith Article 11. It mﬁs£ be used in scientific publichtions
" (Article 6.5). |

6. An illegitimate name is one that does not comply with.Articlé

18.3 (for families) or Articles 63-67 (for taxa below the rank of

4 - .
famil&). An illegitigate name may be effectively and validiy pub-
lished in which case it 1s a synonym of the correct name.

Before ébou§,1890, botani;ts‘rarely designated a typus for their
new taxa, and as a consequence many taxa are without holotypes (thg
specimen or other element designated by the original author as the
typus; I.C.B.N.,, grticle 7.3). A competent b?iifigéfggy wish to
select a 1éctot§pe {(a specimen or other element from the material
on which the protologue was based to serve as the typus when one was
not designated at the time of the original .publicatiom; I.C.B;N.,
Article 7:5). Since this is a highly subjective task and one
requiring critical judgement, it is very important to know which
element the original author had solely or primarily in mind. TFor
this one must be fgmiliar withvhis intent and methodology (Stéarn,
1957). Since the nomenclature probiems in the Balsaminaceae, for the
most part, ﬂistorically fall into-the period before widespread and
systematic typification, there is oft;n no direct evidence for the
specific elements which-forméd the basis of the protologue: .In-many
cases, the search for a suitable lect;type can-be narrowed do;n by the

use of segondary evidence.. fhe main sources which have been used for

this task are Stearn (1957) and Stafleu et al.' (1967).

-

DO -5
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DIAGNOSIS OF THE GENERA

1. Balsamina P. Miller ex Rivinis in Gard. Dict. Abr. ed. 4

 (1754) % Rivinis in Irr. Tetr. Ic. (1691); Scopili in Fl. Carn. ed.

2, ii: 183(1772); Tournefort in Inst. Reil Herb.: 418, t. 235 (1700);
Antoine de Jussieu in Gen. Pl. : 270(1789); J. Gaertner in Fruct. et
Sem. Pl. 2, p. 151, t. 113 (1791); De Candolle in Prod. i: 685 (1824);

Druce in Rep. Bot, Exch. Cl. Brit. Is. iii: 429 (1913).

Impatiens L.

Nomenclature: Balsamina Mill., is effectively and validly pub-—

lished. Since Species Plantarum (Liﬁnaeus, 1753) is the official

starting point for taxonomic nomenclature, Miller's publication is

the protologue for Balsamina not the earlier réferenqes which have

A

been cited. The 'name was declared synonymous with Impatiens L.

(and therefore a nomen illegitiﬁatum) in Appendix II of the I.C.B.N.

i

(1978) .

Illustrations: Rheede in Hort. Mal. ix, t. 47, 48 (1689).

Typus: Balsamina femina P, Miller (= I. balsamina L.).' The lecto-
LN ] .

type should be based on a specimen in Miller's Herbarium which is in

the general collection and the Sloan Herbarium at BM,

‘Distribution: 0ld World-Tropics and Subtropics,

Diagnostic Characters: These are given in Table 2. The earliest

reference I have found to Balsamina is that of Rivinus (1691) who
treated tﬁis genus as distinct from Impatiens on the basis, of fruit
shape (;vate vs. linear). This dicotomy was maintained by

subsequent taxonomists until Linnaeus (1753, 1754) who noted the twol
types of capsules, but considered the flower characters (zygomorphy,

structure of the antivexillar sepal, fused anthers) to be a stronger'_

.\



Table 2

Characters used by De Candolle to distinguish Balsamina and ImEat{ens and speéies_used to're6valuate the

two genera

Diagnostic feature

Genus Anthers Stigma = Fruit Cotyledons Inflorescence  Species éxamiqed
' J
Balsamina 5‘bilocu1ar 5 free a. ovate fleshy solitary . 1. balsamina.L.l
b. puberulent i ' . I. chinensis L.2
c. valves open . I, flaccida Arn.3

inward from

apex

latifolia L.All

leschenaultii Wall,

oW I oW N -
L]

I= = e et = |
[ ]

oppositifolia L.

Table cont'd.

9¢¢
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Table.2Z cont'd,

| Rl S

>

Diagnostic feature

‘Genus Anthers Stigma , Fruit Cotyledons Inflorescence  Species examined
Impatiens 3 bilocular 5 fused a, terete membranous many- 1. I. cagenéié L.5
' 2 unilocular :b. glabrous [lowered 2, I. fryticosa DC.
c. valves open * . I. noli-tangere L.
- outward from . I. pallida Nutt.
/ base . I. parviflora DC.
« L. scabrida DC.
1 N .
As B. hertensis, B. coccinea , B. cornutu : -
2As B. fasciculata and B. chinensis
3As B. bifida
“As B. lescheriaultii
5 \
As 1. fulva
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T

‘Tunifying factor than was fruit shape a divisive one.‘ Consequentlf,
he recognized only one géhus'lmgatiens. Millet;(1754) retained both

Balsamina and Impatiens. With few exceptions (Jussieu, 1789;

Gaertner, 1791), later taxonomists chdgé to follow Linnaeus's

treatment. Deé Candolle (1824), in retaining-the Impatiens-—Balsamina

dichotomy, enumerated a number of additional characters not'described<

by previous authors (Table 2). He assigned seventeen "species” to.

N - 4

Balsamina and fourteen to Impatiens, but suggested that I. natans
e e . . — ———

Willa. and Balsamina madagascariensis DC. may form a separate genus
(this is discussed_in.detail unde; Hydrocera). llooker (1874—755

divided Impatiens.into two primary categories: Series A.(;apsule'

short and ovate) and Series B (c#psule tcgéte or ciavate). Although = ™

he does not refer to earlier treatments as‘thg-basis for his series,’

it is obvious that Series A is equivalent to Balsamina dnd Series B° .

to Impatiens. Since Hooker, all major taxonomists have considered

Balsamina as synonymous with Impatiens.

\Bbséfvaﬁidhs . ' _ T

. - A pumber of the taxa enumerated by De Candolle were available

“(Table 2% 80 it was possible td evaluate thé validity of his obser-

vations. The folloﬁing te@hnique proved satisfactory and rapid for

examining anther structure. The stamens were dissected from unopened
) . |

buds and mounted on an insect-pin‘inserted perpendicular to the long

axis of the'stamens.. A razor blade wﬁs used to make a transverée

cut through the anthers a quarter of the way beldw the apex, and the

top portion was discarded. The remaining section was dipped in a drop

.of cotton blue and then rinsed in 70% ethyl alcohol. The specimens

A T R

3
A
K
i
o4
-
‘.‘
BN
A

st
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' ' : L

- were thensviewéd under a dissecting microscopé at a magnificatiqn‘of

L}

4X. The @icrosporangial wall takes.on a deep blue coioflwhile éhe .
cavity and pdlléh are barely staine&: Tﬁé.results aré.given_in Table
3; these cén Be.Summarized as fbllqws: | |

i; In all flowers examined, there were five anthers each with.
four microsporaﬁgia; this was true not only}fpﬁ De Candolle's species,
but fgr all taxa which were studied. One aﬁther (in the antivexiliég
-position) was always smaller tﬁan the remaining four. Tﬁis'an;her
produced apundant p&i}en.and the‘pollen stainability did not d%ﬁé&f
'Eroﬁ that of the other four antheys. Hénce it is'not a s;aminqéiﬁm.

2. All stigmaéawere baéically terefe and lobedlat the.apex; VIn
some species the stigmatal bes were very prominent (I. flaccida Arn.,
' I. fruticosa DC., I. parviflor C.), while in the remaining species
they were reduced to minﬁte protﬁberances. While the stigmas may

prove of taxonomic valye in distinguishing various interspecific taxa,

they are not useful in distinguishing the species of Balsamina And

Impatiens.

3. The fruit;charécteré héve been discuésed in'detail elsewhere.
The only speJ:es'in De Candoile;s enumeration with puberulent fruit
was L: balsamina L. With respect to fruit shape and mode of’&episcence,
the six species of thé'Balsamgna typé plué I. fruticosa DC. weré
ovate and deﬁisced along one of the vexil;ar sutures (qultivated
forms of;L: balsaﬁina alsﬁtaeﬁisced along an antivefgilar Sut;re).
lThe Impatiens Speéies dehisced along all five sutures.
. 4; Cotyledons of young‘seedlings did not vafy in thickness

‘ (flesﬁy vs. membranous), but they did have ajwaxy or non-waxy

epidermis which was correlated with the equivalent character state in



-, R P .... L - ._.Table.B . f A - e -

L FE MRS TR VR LR S
= - ST caoewo-

Results of character state studies of some species of "Balsamina and Impatiens (De.Candolle)

7

‘Diagnostic feature

» Anthers Stigma . " Fruit " Cotyledons Number of~fiowers .
i - ] I . in inflorescence ,. - -’
Balsamina : . N \\ ‘ _ -t ' : i e
. I. balsamina 520 - IR T~ ovI NW i 1 ‘
+ 4. I. chinensis 5(2) TR ‘ ovl W 1
. I. flaccida 5(2) ™ Ty, ovI, i W 1
4. I. latifolia 5(2) TR ovI' W N 1 i
5. I. leschenaultii 5(2) - TR ovi : W - 1 .
Impatiens . ¢ B . - . . -
. 1. I. capensis 5(2) TR Lall NY -3
' 2. I. fruticosa _ 5(2) . TD Tovl ST ' 2
3. I. noli-rampere 5(2) TR - LnlI . NW , 2-5 .
. 4. I. pallida 5(2) 7 TR LnII NW ’ 2-3
5., I. parviflora - 5(2) . TD * LnIl NW 3-4
6. I. scabrida : 5(2) . TR Lnll- = NW - 3-4
. . LT ' y ' ' - *

il H

r

‘ ‘522) = 5 bilocular anthers; LnIl = linear capsule, rupturing along-all five sutures; NW = non-waxy

. epidermis; OvI = ovate capsule, rupturing along vexillar suture; W = waxy epidermis; TD = terete with
*\/well developed stigmatal lobes; TR = terete with stigmatal lobes reduced to protuberances.

/

-
a

L . . —

09¢



the adult leaves rather than with the Balsamina and Impatiens

species. 0f the six Balsamina species, five had a waxy

epidermis

and one (I. balsamina L.), a nmon-waxy epidermis. Five of the

Impaticns specigs had a non-waxy epidermis. No seedlings of

I. fruticosa DC. were available for study, but the cotyledons may

* well be non-waxy (and perhaps tomentose) as are the leaves in adult

plants. Further support for this relationship comes from observa-

tions on the seedlings of I. clavicornu Bedd. It appears that the

Scapigerae 1is the only gro?gxfﬁ'the‘Balsaminaceae with leathery

leaves, and the cotyledoné’oflthis species.were distinctly leathery

/. —

in contrast to tbpse of all other species which were observed,

5. The number of flowers in the inflorcsggnce agreed with.

' . ’
De Candolle"dndzta, but it must b%:remembered that only, a small, -

number of species were available to him compared to ‘the

-
number now
-3

known. It happen$ -to be that the species which he placed in,

= -

Balsamina all belong to groups with éolitary inflorescences (Hookér‘s

Annuae and Microsepake). If a greater number of species had been

available, the correlation between fruit and inflorescence types

would not have held up.

The present.observations indicate that only one character used ——

r . j N
by De Candolle to distinguish Balsamina and Impatiens is valid,

namely the.fruit characters (if I. fruticosa DC. is included in the |
. B3 e e P,

[ g

) li'.- - - . N . - . .
former takon). Balsamina is then equivalent to looker's Series A

and imRatiens to Series B.

' L

., & 2. Hydrocera Blumé in Bijdr.: 241 (1825); Mooker in Fi..B. I.
i: 483(1874-75) and in Leconte, Fl. iin.: 628(1911); Marburg

and Reiche in Prantl and Engler Nat/, Pflanzenf. 1i1i(5):

392(1895);

361
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'“ Ta
- Backer and van den Brink in Fl1. Java I: 251(1963), Grey-Wilson 'in
Kew Bull, 35(1) 213(1980).

. Hydroceras, Hooker and Thoﬁgon in J. Linn. Soc. iv:.156(1860), N
lapsu = praec., : ' .

Tytonia G. Don in Gen. Syst, i: 749(1831).

‘ a. Hydrocera triflora (L.) Wight and Arnott in Prod. Fl. Pen.
Ind. Orient.: 140(1834): Hodker in Fl., B. I. i: 483(1874-75) and in
Leconte, F1. Indoch.: 629(1911); Backer and van.den Brink in Fl., Java
i: 251(1963), Grey-Wilsod in Kew Bull. 35(1): 213(1980).

 Impatiens triflora Linnaeus in Sp. Pl.: 938(1753) and in Fl.
Zeyl.: 315(1747); Willdenow in Sp. P1l. i: 1175(1798); De Candolle in
"Prod. 1: 687(1924).

1. .angustifolia Blume in Cat. Buitenz.: 49(1823) and in Index
Kew., I: 1183(1895).

Balsamina gpgustifolia Burman in Zeyl. 41, t.16, £.2(1737).
: » - . *\s——g‘“
B. erecta Hermann in Par. Bot. 105, t. 105(1698).

Hydrocera angustifolia Blume in Bijdr.: 241(1825).

b. Impatiens natans Willdepow in Sp. Pl 1175(17985; Roxgipg
'F1. Ind. i 652(1820) :

I. (?) patans De Candolle in Prod. i: 687(1@24),

Tytonia natans (Willd.) G. Don in Gen. Syst. i: 749(1831).

Y Hydrocera triflora in Index Kew. I: 1210(1895).
A L

¢. Hydrocera madagascariensis Endl. ex wélp. in Rep. Bot. Syst,.
© 4: 477(1842) and in Index Kew. I: 1183(1895) -- description not seen.

Balsamina? madagascariensis De Candolle in Prod. i: 686(1824) =
1. madagascariensis W.& A. in Index Kew. I: 266(1895).

d. Impatiens madagascariensis Wight and Armott in Prod. Fl. Pen.
Ind. Orient,: 140(1834) and in Index Kew. I: 1210(1893).

. Nomenclature: Although 'Hydrocera" is the generic’name which

almost exclusively has been used for this taxon for the last 150 years, \\\;,
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it is invalidly published. Blume '(1823) merely lists

1. angustifolia (nom. nov.) and later (1825) he transferred it tb

a new genus Hydrocera of which it became the sole species. The

4

family Hydrbcéraceae.was given a protologue, but the genus

Hydrocera and the species ﬂ; angustifolia Blume were not. Articie

42,1 of the I.C.B.N, provides that for a monotypic genus a combined .

genexic and specific description. (descriptio gene?ico—sgecificé) is

permitted, The first vaiid protologue for Hydrocera is that of Wight
and Arnott (1834), but by then Don (1831) had validly a&d effectively
deécribed the same genus under the name Tytonia, which ¥s the correct

" name ‘for this genus.

Illustrations: Warburg and Reiche in Prantl and Engler' Nat.

Pflanzenf. 1ii(5): 392(1895); Venkateswarlu and Dutt in J. Bom. Nat,

Hist, Soc.: 547(1961l); Grey-Wilson in Kew Bull. 35(1): 217(1980).

Typus: The typus for Hydrocera is the species H. triflora (L.)

W.&. A, ' Grey-Wilson (1980e) has selected as a lectotype a specimen

from the Hermann Herbarium (3:35) at BM. The lectotypification is

correct since Linnaeus is known to have used the material in Hermann's
. _ : -

collection for the preparation of the Flora Zeylonica (1747) and the

' description given there was the basis for. the protologue in Species

Plantarum (1753) which in turn was the basis fof'wgght and Arn&tt's

(1834) diagnosis. ad

Don (1831) included.Impatiens natans Willd. and Balsamina
’ L2

madagascariensis DC. in the genus Tytonia.

All: the names which have been assigned to_ taxa in what is now

Hydrocera (or Tytonia) are given in Table 4. As can be seen,
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Linnaeus (1753) described one species, I. triflora, and Willdenow (1798)

added a second, 1. natans, which supposedly diffeted in three
characters (spur length and shape, leaf shape, and distribution):
De Candolle (1824) described an additional species which differed

from the first two in inflorescence type, leaf sﬁape and distribu-

tion, but it was suggested that Balsamina madagascariensis and

X. natans may form a separate genus of taxa with swollen spurs
-» -

(subsequently many Impatiens species with swollen spurs have been

described). Balsamina madagascariensis then disappeared (except for

”»

a single reference in Index Kewensis which is incomplete). It was not

-

‘tréated_bnyerrier (1933) either as a correct ﬁame oY as a synonym.
N |

Hooker (1874-75) considered I. natans n.ld. to be synonymous with

H. triflora (L.) W.& A. Ridley (1922) used the name Hydrocera

angustifolia which he considered to include two varicties, var,

* angustffolia Blume with very narrow léaves and a distribution

throughout southeast Asia,.and var. latifolia Ridley with broader

leaves and occurfing mainly in India. Tt would mdke the taxonomic

relationships relatively simple if var. angustifolia could be equated

with Linnaeus's I. triflora and var. latifolia with Willdenow's

e . 7

£ '
I. natans, but unfortunately this is not the case. In the first place,
both varieties are short-spurred. In the second place, Linnaeus does

not describe spur length in his protologue for I. triflora, but the

- +
.

. ‘s _ _ P
specimens in Hérmann's Herbarium are all narrow-leaved, wifh a short.

swollen spur which is recurved, Hence the description of gﬁ triflora

in Willdenow is incorrect, whgreas his description of I. natans

" suggests var. latifolia as ddes that of Wight and Arnott. Unfortun-

- >

ately, the few Deccan épeci ens of Hydrocera which I have scen at.MH

i
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. 1). Corresponding size differences are found in most Impatiens with

366

v

are both very narrow-leaved as is the drawing in Venkateswarlu and

.Dutt (1961) and in no way differ from Hermann's material, which

 suggests that the linear-leaved and lanceolate plants are not

‘

geographically segregated as Ridley believed. If this proves to be

the case, then the typus for Tytonia becomes I. triflora L. under

the designation Tytonia triflora. (L.) G. Don.

Distr&bution: Bengal, Deccan {(east of the Eastern Ghats),

Sri Lanka, Burﬁa (?), Thailand, Malaysia, Indo-China, Indonesia.

Diagnostic Characters: 1. Sepais 5. 2. Petals 5, free.

3. Fruit, a péntagonallfleshy pseudo—berrylwhich is indehiscent.

4, Semi-aquatiec growing in Ponds and paddies, but also marshes. .

. * ~

Discussicn

The species Hydrocera triflora (L.) W.& A..bears a strong overall

resemblance to Impatiens balsamina L. which was also noted by Grey-

Wilson (l980é);‘however it can be distinguished oﬁ the .basis of sev-
eral characters. There are five rather than three sepals; but as was
discussed earlier at least sixty species-of_}mgatiens also have this
feature, and often closely related species have‘the.algefnative
states. In Hydrocera, the outef sepals are very large aﬁd enclose
the antivexillar sepal, while.the inner one::are much‘sméller (Fig. -

a full complement of sepals.

On the other hand, the p}esence‘of,five-free petals (Fig. 1) has

not been found in Impatiens. his character state warrants confirm-

o

ation. While I Wwould not be surprised to find that the petals are

.
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Figure 1

Three taxonomists impressions of

Hydrocera triflora (L.) W.& A.

A. Warburg and Reiche (1895)

l

1. Flower (based on the herbarium specimens seen by

the present author, the illustration is |

‘inaccurate)’

2. Fruit

3. "Cross-section of fruit

B. Venkateswarlu and Dutt (1961)

1. Flower (ffont view)l_' _ . :
2. Flower (side ¥iew)
3. Mature fruit (note mode of dehiscence)
4. Cross-section of fruit (note &hree chambers)z
C. Grey-Wilsom (1980e) ‘
1? Flower'(ffont view)
2. Flower (side view)
3. Antivexillar ;epai
4, Nearly mature fruit

. Fl - .
5. . Cross-section fruit (note air chambers)
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free giﬁen the number of other floral anomalies ﬁresént in the
family, I feellthat, if in lydrocéra the alae are fused at the base,
for only a short distance, the petals could easily become separated

during dissection. I have experienced precisely this situatio in

the African species I. ninmniamensis Cilg. While dissecting the
flowers, I became aware of a tear which was always associate& gith

the removal of the alae and which ubon investiéation led to the

" discovery that these are in fact a single'unit,resulting from the

fusion of the antivexillar petals along their innér margins, This

feature did not correspénd to my rccollection of.puﬁiished descrip- | .
tions, .and in fact it has been omitted. In Grey-Wilson (l9éOg) none

of the illustrations or éccompanying descriﬁtions indicate that some

of the African Impatiens épecies have fused alae although this
phenomenon is referred to once in the text (p. 17). Consequently

1 believe that a study of the Hydrocera perianth thrdughoué onto-

geny is by no means superfluous.

The fruit of‘Hvdggéera has been described as a‘Eon—dehiscent \\
berry, pseudo-berry, 6: drupe (Wight and Arnott, 1834; Hooker, 1874-75, -
1911; Backer'and van den Brink, 1963; ﬁbaskar, 1975; Grey-Wilson,
1980e). The last author aftér exagining nearly maﬁufé capsules on
Yiving planés, as'well as those on herbarium specimgns; concluded that
the fruit abscisses without dehiscing and because of its weight
sinks below the surface of the water. Sﬁbsequently; the epicarp and
mesocarp either rot or are digested by aquatic fauna, leaving.the

-

endocarp in five separate pieces. This scenario is somewhat com-

plicated by his observgtion that each carpel has one ovule and two 2

- A

hollow compartments (Fig. 1) which he ‘believes serve as flotation

E
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chambers or air sacs and contribute to dispersal. In contrast, '

Y

earlier Venkateswarlu and Dutt (1961)'rep6fted that thé fruit is in

 fact a fleshy.capsﬂle which dehisces septicidally. The seed remains

~attached to the placenta initially, but 'later falls away. Their

. ’ /
conclusion was that Hydrocera is much closer to Impatiens than was

previously thought. The latter results are more in keeping with my
own observations that the fruit is a septicidal, not a loculicidal

capsule. Furthermore, the dehiscence along one suture with some
g‘ . - ‘ .
separation of the valves along the apex (Fig. 1) 1s very similar to

the situation I have found in the Type I capsules ofllmgatiens.

Since the mesocarp is fleshy, dne would.not expect the valves to fold

-
~

over, ° -

In'mgintaining‘the generic distinction Qetween‘Hz&roccra and
Imgatiens: Grey-Wilson (198Ce) considered the habitat prcference'AE‘
the former 'to be sigﬁificant because in his experience Impatiens
) . L] : .
sbecies ware never sgﬁi—aquatich In the first place, it is not
correct that there are fho semiwaquatic‘imgaticns_since I know of at

least two —— I, tangachee Bedd, in the Deccan Region and I. amphibia

Perr. in Madagastar. Several of the Scapigerous species are commonly

scapiflora Heyne),

found in waterfalls (e.g. I. acaulis Arn. and
whilé others are crencphilous (e.g._l. levingei/Hk.f.). Furdﬁermore

in contraét to Grey-Wilson (l980e), BacKer and van den Brink (1963)
maintained that llydrocera is found in marshes in addition to ponds and

r *

ditches, which suggests that it is only a facultative aquatic.

Although the resolution of the taxonomic status of Hzﬂrocera

LI

can only be determined once all these problems have been resolved, I

-

would like to make the following observation. Grey-Wilson (1980e) says:

]
R ]

el entnl
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"Why then should Impaﬁiens have diverged into so many spécies
wheéeas Hydrocexd aﬁpears to have stagnated? It may be that floral
development or some othér factor of the biology in Impatiens offérs
a much broader scope for variation.- Cerfainly'in this genus the
fruit structuré and development has led to a more‘efficien: dispersal
mecﬁanism, with the production of Gery many more seeds. However, I
- feel that habitat has possibly had an over-riding effect,“an aquatic
environment being more.inhibiting, leaving less rodm for.divergence'
anp resultaqt speciation. Impatiens are mainly plants of upland
forest,-the,montane-environment with its numerous rivers, deep valleys
and isclate peaks serving to isolate varioﬁs elementé. Impaéiens
is notable for its high numbers of local endemics. Hydrocera on the
other hand is restricted to a lowland haﬁitat, rarely being found
. much above 100 m altitude." ' | '

2

. . £
Without contesting the details of this statement, I would like

to point o;t that Grgy-Wilson (1980e) himselfnnoted the morpholBgical-
similarit& between I. balsamina L. and H. kriflora (L.) W.& A. The
two_speciés have, ﬁof tropiéal members of the Balsaminaceae, a #ery
extensive and for the most. part sympatric diétribution; If the-two.'
indeéd are closely gllied then perhaps ‘the meaningful comparison to

. be made is one between these two species and not between H. triflora
and the whoie-of ImEaLiens. Finally, I Qill end this discussion with

an ethnobotanical note: In Malay, the word "Inai" is used both for

Hydrocera and for Impatiens.

3. Impatiens Linnaeus in Sp. P1l,: 937(1753) and in Gen. Pl. ed.
5: 403(1754); Rivinus in Irr. Tetn. Ic. (1691); Miller in Gard. Dict.
“Abr. ed. 4(1754); Jussieu in Gen. Pl.: 270(1789); Willdenow in Sp. Pl.
i1: 1175(1798); De Candolle in Prod. i: 687; Bentham and Hooker ih Gen.
P1. i: 277(1862); Hooker in Oliver, Fl. Trop. Afr. i: 298(1868) and in
Fl. Bl. I. i: 440(1874=75) and in Leconte, Fl. Indochin.: 611(1911);
Perrier in Arch. Bot. t, vii, Mem., 1: 3(1933); Backer and van den
Brink in Fl. Java: 249(1963); Grey-Wilson in Impatiens of Afr.: 3
(1980). - : :

L ——
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Balsamina‘P.‘Miller.

Nomenclature: Impatiens L. was validly and effectively published:

"It has priority over Balsamina Riv. ex Scop.3nonene1atﬁ:allyll

.

929) and Worsdell

Illustrdions: List,in Index Lond. IT: 49%

in Suppl. -to Index Lond.: 2(1941). o IR

xgus. Inpatlens noli-tangere L, has been designated as a lecto-
type by Britton and Brown in Illus., Fl. ed, 2 ,ii: 512(1913); by Hitch-
cock and Green in Int, Bot. Cong., Cambridge, England ‘Nom. Prop., IIL:
111-199; by Phillins, in Gen. So. Afr, Fl. Plants, ed! 2~ (1951), by
Rydberg in N.Y. not. Gard., Fl. N, Am., 25(2): 93(1910)

© Thus in a revision of the genus,‘the'subgenps-and‘section in

-

which.i. noli-tznzere is placed should be designated subgenus and

section " Impatienéf‘t {(without citation of an author's name) in’

compliance with Article 22,1 of the I.C.B.N. (1978). " Hence Warburg
. . y

and Reiche's (1895) Subgenus Caulimpaﬁiens and Section (IX)

"Microcentron" are nomenclaturally invalid.

‘Impatiens noli-tangere is 2 Linnaen taxon and as a consequence
its typification preseﬁts'ee£Egin pfoblems;' To faciiitaee the
diecussion the driginal page frem Sp.PL1, is‘re;rnduced in Fig; 2. ‘;n
the first place it should be noted that the dlstrlbutlon is glven as

Lurope and Canada. This strongly suggests that Linnaeus's I. noll—

tangere not only inclu s I. noli-tangere sensu stricto, but also

I. capensis Meerb. {(Afbeele Gew. t. 10; 17?5), the common Iméatieus

species |of eastcrn North America which was recognized as being

distinct from the ruropean species (under the binomial I. blflora) by

Walter (1788) and by Willdenow (1798), but not by Mlchaux (1803) The

- North American material studied by Linneaus is known to hJVC'bcen

. . R . 4
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_ ' : o L IMPATIENS. « Cr
- ‘ S v * Pedunculis ‘wnifioris,

o ‘ 1. IMPATIENS pedunculis unitioris™ (olicaciis, folils chirenis.

: ' o oppolitis ovatis, nectarils arcuacis, o '

. : Havicae sn China, @

- . . Caulis afteriatim ramofus, ruber. Folia appafita, fes- -
.- . ‘ Slia, avaca, fubferraza. Pedunculi axiliares, folitaris, ST
‘ Jolio longinres, naniftyri. Flos parpareas. Nectariim

.

e . .
valde arcuatnm,,craifum. .

- - 2. IMPATIENS padusculis unifiorid (olitarils, foliis o-faeifol{,
' vaths : fertaturis Lesceolatls , neétaviis #ore longiori-
) . . bys.' : -
. o ‘ Vaili-onapu. Rheed. 3al. 9. p.'9t. 2. 4S.
Hubitas.in India.

.- ... Folla lanceolata, alterna, crenata, e fingnla crezs miy-
, sromepromimente. Pedunculifolizarii, aniflori | lnugita-
dine fere foliornm. Vios magritudine . Balfzatine,

: . ‘ "« ar Calear fuinlutzm | hrgicndine ferepedunzuli,

— . 1 IMPATIEI)‘I S pedunculis unifioris aggregatis, fUlits eppofitifaia,
+ oppalitis lincaribus, FI. zeyl: 314, *
Kondain-paliu, Rbheed. ml. . p. §7. 2. 312

' L

! . -
- . Habitar in Zeytonz areanfis,

‘ 4. IMPATIENS pedunculis unifioeis aggregatis, foliis cormues,’
. ‘ lanceolatis , mectariis Bore longiotibuy Fl. 264, 316.%
- o Baismina  laciolia, tocis caleacd longillimo, Barm.
. » zeyl. 41, £.16, fi 1. T '
Hestzae s Zeylopw @

-~ Nuouog .
< . . . .
. . L. * N
Bolfsmuens. 5. IMPATIENS peduncolis~ uniflorls aggregatis, folils .
lancealaiis, neStariis lpre brevioribns, Aore. apf. 246,

x : ‘ Impaéicns pecunculis confestis uaifloris.” fors. cliff
) 418, ‘ L7
_ Balfamina fcmin:.\B.x::é.ﬁin. 326.
' Balfamina. Dod. pemez, 671,
Habizaz in India. @ N .

* Pedunculis multiflorss.
siftra, 6, IMPATIENS_ pedunculis triforis folitarils, folils an-
gufto-lanccolatis, F7, zeyl. 317.*
P B:tTl'aminn angultitolia, floribus ternis communi pedun-
culo ortis. Burm. zeyl. 410 2,16, f. 2.
Balfamina ceedta f. femina, porfice apguflto folio, zcy~
‘ . lanica. Flerm, par. 105. 1. 105.
Habizar iz Zeylonz paludsfis.

' nali tamzere. 7. IMPATIENS pedunculis. multiforis folitariis, foliis -
ovatis, geniculls caulinis tumentibus. FL fuec. y22.
Dalis. parif 270.
Impatiens pedunculis folitariis multifioeis. Hore. cliff.
438, Ray. Ingdb. ‘331, Hall. hely. 405. caule angu-
Iata, Gore. gelr. sa:. )
Balfamina lutca € Noli me tangere. Boub. pin, 3c6.
" Noli mc tangere. Col. ecpbr. 1, p. 149, 2. 150.
. ' «  Hibirat in Evropx, Cansdz wemoridns. ©
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{: : - collected by Pehr Kalm (Stearn, 1957; Stafles™et al., 1967) who
L]

visited eastern, but not western North America (£.~noli-tangere

» - . . ' . \
sensu stricte is only found from Alaska to Britikh Columbia on this
. . *
continent). Since the elements upon which Linnaeus based thz name

. "I. noli-tangere" were heterogeneous
3 .

i.e, . noli-tangere sensu

stricto plus I. capensis Meerbl), the lectotype should be selected

* so as to conform with current \usage (that is a specimen of

- .

N

I. noli-tangere sensu’ stricto) in accordance with Article 7B.1 of the

I.C.B.¥, {(1978). Since Linnaeus_ci%es his own Mortus Ciffortianus

’

- ':(1737), a suitable lectotype for I. noli—téngere can be chosen (and
» . '
consééuentix\is a tvpus for the genus Impatiens)from specimens in the
N Clifford Herbarivm at BM. R "

Distribution: Nearly subcosmopolitan, excluding Sohth_America,

Australia, and Oceania (except as cultivated ornamentals). The main

.

v ) .
center of diversity is in the Cld World Tropics. and Subtropics.

. .

. . . \ . . N

Diagnostic characters: These have been discussed in detail .in
preceading chapters. -

4. ImEatienteila Perrier in Bull. Acad. Malagache, n.s. x: 22
(1927) and in Arch. Bot. t. vii, mém. 1:; 110(1933). )

a. Impatientella inaéerta Perrier in Bull. Acad. Malagache, n.s.

L] -

x: 22(1927). . ' . s

]

. A
Impatiens inaperta Perrier comb. nov. in Arch. Bot. t. vii., mém.

-
.

1: 110(1933).

L]
. . « ¢
-

Ildustrations: Impaticntella inaperta Perrier in Bull. Acad.

[l Y

Malagache n.s. x: 36(1927);



Typus: Impatientella inaperta var. typica Perrier (later
changed to Impatiens inapetta Perr.); Madagascar: Mandraka, east of -
Tananarive, at about 1200 meters in vestigial elfin forest, no collect-
ion date (Perrier no. }8.309), at P. (M.G. Aymonin, pers., comm,); =

L : \ . - .

Nomenclature: Béth Impatientella and Impatiens inaperta are

validly and effectively.publighed. In 1933, Per:i!! reduced

impatientella inaperta to Impatiens inaperta in the monotypic Section

Impatientella, thus effiectively abolishing this monotypic genus.

Distribution: Only on Madagascar at Mandrake, Apnalabe, and

Y

-

Manerinerina from 1200-1600 meters.

Diagnostic characters: 1. Antivexillar sepal spurless. 2.
. ' , '
Flowers always cleistogamous, minute and green. 3. Anthers-without

L N

intralocular septaz. 4, Anthers andpfilamemts fused entirely; former

extfmxmé and dehisce longitudinally. 5. Plants grass-like,
Discussign

.

Perrier described the monotyp\c genus, Impatientella, in 1927,

but_in his revision of the Malagasy atiens flora (1933) he united

it with Impatiens, designating a separate section Impatfenggfg; for

the one included species. He noted that specics of Impatiens which

bear cleistogams are rare, but not unknown in Madagascar. For

example, in the section Preimpatiens (perhaps am unfortunate desig-

v

nation since it includes all of the types which we nbrmally associate
with the genus), one speéics, I. baroni Perr.,.occasiqaflly produces

clecistogamous flowers, but only under abnoxrmal conditions such as are

.

found late in the growing scason or at elevations abo¥e its usual

‘ .

Ay

limits. In scction Trimorphopetalum, I. s@Bsterilis Perr. is the only

¢
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species known with certainty to'prodnce cleistogams. ‘In I. inaperta

cleistogamy does not appear to be a strictly pﬁenotypic character
N crw
because plants of variety typiga which were cultivated in the -

Tananarive Botanic Garden produced no chasmogams. Perrier noted

that in.l. inaperta there is a discordencepbetween-the perianth
parts which are modified for Self-fertilizatidh and the androecium

which is modified for outcrossing. He suggested that the small .

~

wingless insecﬁs which are frequently found inside the flowers are
. < - L J . .

needed to eifecb both types of:'pollination. In'addition to the
presence of bpecies'which produce cleistogams in Malagasy sections

»

of the genus, Perrier felt tnac there was sufficient continuity of

characters between the specie; of' Section Trimorphopetalum‘end

I. inaperta to warrantltne inclusion of the latter in Impatiene;
While I aéree with Perrier thet there is little.basis for .

separating Impatientella from Impatiens, there are a number of '’

questions specifically.relaced to E; inaperta which require furrher
scudy, including its pollination.biology and the factors underlying
cleistogamy (I. inaperta yet may prove to be merely a cleistogamous
form of some other or even several Malagasy Impatiens 5pecies)
Finally, I am very dubious of his designation of five varieties,
which are based on minor differences in-vegetative.charactere. ‘
Several of the varieties were found at the seme localities, but
cbviously in different microhabitats. In my own experience
(Russell, 19%6), the vegetative charecters in Impatiens vary greatly
as a result of differences in such parameters as soil moisture and
illumination even on the microscale. One cannot‘help but suspect

[S

that in the absence of conspicucus flowers, Perrier was led to

]
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o
:overemphasiie vegetative variability which may be ecologilcally

intgrestingf but is taxoﬁbmically ﬁnimportant.‘h-x o .
5. Petalonema Peter in Abh ‘Ges., Wiss, GBttingen, n.f. xiii; II:
—==a-onele
84(1928) " <

L

¥

:a, P. fissibracteum Peter in Abh., Ges. Wiss. GYttingen, %n.f:
tlii I1: 84(1928); G.M, Schulze in Feddes Repert, 39:.21(1935).

’

1. brlartii De Wild & Th. Dur in Bull Soc, ioy. Bot. Belg.
38(2) 185(1899), E. Gilg in Engl?, Bot. Jahrb. 43: 104(1909); Th.
-& H. Dur.ﬁ Syll. 79(1909); De Wild. in Ann,- Soc. Sci. Brux., Ser. B.

38, 2: 18(1914): and in Contr. Fl. Katanga 119(1921); G.M. Schulze in .

Consp. F1. Angol. 2: 56(1954), in Bol. Soc. Brot., Ser. 2, 29: 12
(1955); Lauhert in Fl. Zamb. 2,1: 164 t 26(1963), Grey-Wilson in .
Imgatiens of Afr.: 77(1980)

I. bagshawei Bak.f. in J. L;nn. Soc. 37: 129(1905).

I. f1551bractea (Peter) G.M, Schulze in Feddes Repert, 39:
91(1935) .

oI exellii‘G.M.:Schulze in Bol. Soc. Brot. Ser. 2,29: 6(1955)
and in Consp. Fl. Angol. 2: 156, t, 35(1954). '

- y . ]

b. P. raéemosum Peter in Abh. Ges. Wlss. GUttlngen, n.f. xiii,
II: 84(1928).

L

I racemosa DC. Index Kew. Suppl. vifii (1926-30). ot

Illustrations: Launert in F. Zamb. 2, 1: 64, t% 26, fig. 18-

(1963); Grey-Wilson in Impatiens of: Afr.: 78; fig. 18 (1980).
. : X

Typus: Petalonema fissibracteum Peter, Tanzania
Buha Dt. Ujljl (Peter 27322) at B. o

[}

‘I briartli De Wild., & Th. Dur.; Zaire: Shaba Nzilo, Briart
s.n. (BR, holotype; B, isotype); (Grey-Wilson, 1980)

2

Nomenclature; Petalonema Peter is invalidly published. Grey-

Wilson (1980g) pointed out that the name was used earlier for
'different genera:

1. by Correns (1889) in the Cyanophyceae,:

i . 378

L
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2 by Gilg (1897) in the f-Ielastomataceae)(“ Neopetalonemaae o)

In additlon Schlechter (1915) appl1ed the name to a genus in the ..
. {,

" Asclepiadaceae (nomencléture: not corrected). ‘Grey—Wilson (1980g) has

\

* treated P. fissibracteum as‘syndnyhous hith-lf briartii De Wild. &

* »

Th. Dur. which Wwas firsf described in 1899.

¢ AN

Distribution: Africa, Angola to Ugamda (P.- fissibractaum); .

1

Himalayas (P. racemosum)..

. ~
Y

Diagnogtic characters: 1 Bracts and latera} sepals glandular.\

.

2. Margins of bracts and lateral sepals with long, braneh like

projections toward the base. Lateral sepalq per51stent. 3. Alae:
' . . S N
w1th long flllrfo:h appendageq (Flg. 3) ; . ‘ - ‘

Discussion

The diagnostic characters used to distinguish Petalonema from
. . * 4

- Impatiens are found in a number of species in the latter genus though

rarely in combination (Fig. 3 and Table 5). Filliform appendagés
[ 49 -
' '] -

although rare occur_in at least 15 species of Impatiens.. As would be

.expected many of the species are phalenophilous or psychophilous.

There is no doubt that taken as a.whole these taxa are a paraphyletic

‘ . 4 -

group. The two African'speries are not related to each other or to

the twa species of Petalonema. Among the_Deccah-species filliform

appenﬁageé developed in three different groups: the Scapigerae

(1. agumbeana Bhask., I. barberi Hk.f., I. denisonii Bedd., and.
I. lawsonii Hk.f., the I. parvifolia aggregate) which also includes’

I. goughii Wt., I. omissa Hk.f., and I. viscosa Bedd., and in?
I. ligulata Bedd. .which is in the Section Annuae. The two Himalayan
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Diagnostic characters of Betalonema and some Impatiens speties which

éLare them in common

1

' - BN

. . -
~

. u | ’
A-D: Petalonema-fissibracteum Peter-(I. briartii De Wild. & Th, Dur.

(Africa).- R \ 4 .f" L e
Y, A; Afa'wiéh.fillifdrm apperidage. 7_ - o | </,_'

. B.'Later?l sepals, showing'Q}unﬁ glandulﬁr apex and long

. i . teeth on margins. ‘ - |
-1 C..Bractgnwi:h teeth.

D. Fruit with ﬁersistént sepals. ‘ '

-

E. I. glancusepala Gréy=Wilson'showing‘tooﬁhqd sepals’ with

‘glands. (Africa)”

' ! * 3 .
F. I. mackevana Hk.f. with toothed and glandular sepals.

{(Africa)

— .4 ) ’ . " N .
G. 1. joachimiji G.M. S¢hulze, ala with filliform appendage

. (Africa)

. B, I. micretheca Hk.f., ala with filliform appendage (Deccan).

A - G, based in Grey-Wilson (1980); H, on Haoker in Ic.Pl. Ser. 4,

| x(1), t. 2910,
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Table 5 . . .

Az

Impatiens species which share some of the diagnostic chéfﬁcters of Petalonema Peper

&

1
-

Character

Region . Species

1. Filliform appendages

L

African - ) ‘ - 1. 1. joachimii G.M, Schulze-
' I. pallida-rosea Gilg

b Y

agumbéana Bhask.’
barberi Hk.f.
denisonii Bedd?

goughii Wt.b '~
lawsonii Hk.F.

liéulata Bedd.

omissa Hk.f.c

Eérvifolia Bedd,

viscésa Bedd.

Deccan

v

O 0, L W N

N

.
<

[= I = A
[ ] £ ] [ .

L I TR [T

racemosa DC,

‘tigens Edgew.d .

Himalayan - . 1. 1.
I.

e
imbecilla Hk.f.
Ifaberi Hk. £,

" Chinese - ) o 1.

£y
]
I
[
-

. Table

e ¥ - -

g -

8¢
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Table 5 cont;d. !

—A—
Character Region ’ Species \—\/‘ -
2. Glandular sepals African : . 1. 1I. glandusepala Grey-wil\sén
' 2. 1. mackeyana Hk.f.
. ¢
Himalayan _ L1, I. bicornuta Wall, ' .
e ‘ 2, 1. gamblei'Hk.f. .
, 3. I. hobsoni Hk.f.
i ' 4, I, urticifolia Wall.
N . 5. 1. racemosa DC. . -
L ]
- " 6. I, wallichii Hk.f.
3. Sepals aristate Burmese 1. I. drepanophora Hk.f..
Himalayan 1. I. bicornuta Wall.
- 2, I. leptocarpa Hk.f, .
. 3. I. pantlingii Hk.f. .
4. 1. racemosa DC, .
- ’ 4
N Table cbn-t"é.




Table 5 cont'd. . o L . :
Qr - -
. ] . . . —— r

Character Region - - - Species

- ' >

- N ° e *
4, Persistent sepals Deccan _ . 1. I. clavicornu Turcz. , . .

Py .. ] . .‘ - T

3rce. no. 7340, MH( ) has very prominent appendage not seen in Hooker s atcompanylng sketch.
'bl, microtheca Hk,f., (1910).

“Not present in all varieties. ' L . - - .
dHooker (1874 75) states that I, racemosa DC, (Prod. i1:688,1824) and I, tigens Edgew. (Trans. Linn, Soca.

xx: 41,1846; not seen by nresent author) are identical and so adopts the former epithet. Both species
appear in Hooker (1964-06) but in I. racemosa DC. the appendages are short ox absent. This contradicts

De Candolle's protalogue. . _ .

eOnly occasionally.
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and the tun'Chinese taxa ere sister species, but have no close.-l;
k . afginlties to other groups uith filllform appendages. .Glandular
sepals are present in at least eight ImEatiens, . aip it is
obvious that they form parallel groups. The two African-sPecies
have no relatives with this ¢haracter as is also true for the
Himalayan 1. bicornuta Wall. and I. racemosa DC. Tne femainlng
four speciles form a single group., | ’
In his revision of .the African Impatiens, Grey-Wilson (l980g§

- . noteﬁ that while per51stent sepals may be a unique feature of

P, f1551bracteum Peter, glandular and toothed sepals occur in two

"other African Imnat-ens-Spec1es. Consequently, he merged

-

Petalonema with Izpatiens, )
. T ]

3 1h15 leaves unresolved tha second species which Peter (1928)

o
. o

. assign®d to Petelonema, the Himalaxan.l, racemosa DC. JIt is not

clear whether .this species has filliform appendages (see footnote'd,

Table 5). The sepals are glandular, but aristate rathet than

toothed. "Aristate sepals occur sporadically‘in'Asian species of

Impatiens, but these taxa are not related to the African species

[y

with toothed sepals. Flnally, I find that Peter mlstook the persis—
tent bracts of’ certain species in Sectlon 7 (which includes I. race-
" mosa DC.) of the eastern Himalayan Impatiens to mean persistent

sepals. Obviously, these are two very different characters. The .
. - ﬂ 1

only species in which I have observed persistent sepals is .

I. clavicornu Bedd. in the Scapigerae. Hence, there is no evidence

-

to warrant relating I. brlartii De Wild. and I. racemosa Dd.,nor in-

malntaining the genus Petalonema,
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6. Semeiocardium Zollinger in Tijdschr. Nederl. Ind. xvii: 245 .

(1858); Backer in Gard. Bull.Straits Settlements, ix: 71(1935), = ./’ .

descr. emend; Backer and van den.Brink in'Fl. Java: 251(1963), . .
Polygala L. in Index Kew. IL: 867(1895). T ' ’
a, S, arriensii Zoll. in Tijdschr. Nederl Ind, xvii: 245(1858), ,)

Backer in Gard. Bull, Straits Settlements, ix: 72(1935?; descr. emend.,
Backer and van den Brink in 'F1., Java: 251(1963). . !

glaucescens Hasskdri in Miquel Ann Mus. Bot. Lugd Bat, i:
151(1863)

S \namlltonl hassk in Mlq.,Ann. Mus. Bot Lugd Bat i: 151(1863)

.

S.,hzallnum Hassk. in Mig. Ann. Hus. Bot. Lugd. Bat.i: 151(1863).

Polygala trishyllum Buch.—Ham. ex G. 'Don (Prod. Fl. Nep. 200, 1825)
in ‘Index Kew. II. 057(1895) :

Illustrations: None.

ngus:‘ S. arriensii Zoll., not located.”. Zollinger collections at

P; these were used by Miquel (their correspondence is at Univ, Lib.

Utrecht; and may. include additional observations). Zollinger's mater- -

ial was also sold prlvately and is at many herbarla (Stafleu et al.,

1967) Backer' smcollectlons,are at BO‘and’PAS, with dupllcates at P.

There-is no material of Semeiocardium at BO(l)

Nomenclature: Semeiocardium Zoll. is validly published.

0

Semeiccardium (Polygalaceae) in Index Kew. II: 867(1895) is synonymous

with Semeiocardium (Balsaminaceae). v

- s

-
.

Disgfibution: Madura {Sunda Islands) of thé Indonesian Archi-

. . .

pelago; stony or rocky.habitats; éaleciphile. .o

- . ‘a -
or h - . .
R .
s
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-

Diaghostic chiaxracters: 1. sepals 3, lateral ones largely con-

nate; costa carinate. 2. spur b;fid: 3. wings connate. 4. stamens

free. > : . .

- * . n..
* * Discussion - ' . -

The charactets usgd to.diaghose Semeiocardium are found in a

-

“x . ' v

number of tropital‘IﬁRatiens. For example, connate wings are found in

-

.. a numbef_of,Affican ornithophilous or melittophilous species including
o 4f£p'} T : S
E,'keilliﬁqﬁlg;“ly niamniamensis Gilg, 1. volkensii Warb., as well as

. a number. of Asian.ﬁhalenophilous or péychophilous species. Bifdd (o™ -

* even multifurcate) spurs are also‘'widespread, occurring in such \\

Affican'§peéies as I. tricaudata G.M. Schulze and I. digitat; Warh.
(Grey-Wilson, IQSOg),‘as well as in’the Chinesevl..c;aséiéornu Hk.£.,
and a.nuﬁﬁer‘of southeast Asian species incl?ding I. pygmae Hk.£.,
and I. hprmandi Hk.f, and I. scorgechnii Hk.f. 'These Fharactefs have

undoubtedly arisen several times independently. With specific refer-
¢ .

ence to Semeiocardium Zoll., the most interesting group of ImEaﬁiens

occurs in southeast Asia and adjacent porﬁions of China (Table 6

and Fig. 4). These share to varying degrees the charactexrs of
' #

Semeiocardium. The greatest similarity is found in I. harmandi Hk.f.

and I. xgoéegala Hk;f., which différ from Semeiocardium in only one

A _ . .
character, the degree of fusion in the stamens. Those of S. arriensii

Tt . l‘

Zoll. are-free, those of I. harmandii Hk.f. are didymous, and those of
I. zgéseghla are connate. It has been overlooked by virtually all
>taxonomisLs except.Hdbker that ﬁot all fﬁpatiens have connate anthers.
'hside from species enumerated in Table 6, additional didymous species

are listed in Table 7. Taken as a whole, the didymous species clearly
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_ . -~ ] .
Some Impatiens of Southeas’t Asia _which resemble Semeiocardlium

— :
Character o '
" Speciles Lateral sepals Spur bifid Cb;tn ) VWingé Androecium Habit;t _
connate ' carinake. _connate pr?fgrence
1. I. boni - - .. | + 4 g e
2. I, harmandi + +: + + d - . Ca
3. I. lanéssiani - + + + T Ca
4. I. macrosepala - —:T\\u__‘\_ + + ! d 'Ca
5. 1. musyana - - . -4 -+ . c Ca
6. I. pygmaea - + - - - + c - | Ca )
7. I. spireana : - "+ . + 0 e ?
8. I. zygosepala -+ + -+ + c Ca
1Authority for all species = Hk.f.; + = character present} - = character absent; thO'lbb;§'are very

attenuated (Hooker, 1910c); 3alae connate or very rarely free (Hooker, 1910c); connate or didymous;
Hooker (1910c) queries the character state of the anther$;, the legend accompanying the diagram is clearly
mislabeled with anthers as gynoecium, gynoecium as fruit, capsule as seed; the illustration shows both

didymous and connate anthers; obviously, this species must be reexamined; ¢ = connate; d = didymous;
Ca = calciphile; ? = character state not knownm. . . e K

88t
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* TFigure 4

Some Impatien;lspecies which fesémble

Semejocardium arriensii Zoll.

A - C, I. harmandii Hk.f.
A. Fused lateral sepals
B, Fused alae

-
» ’ sy

: 3,
C. Bifid spur

D - F, L. zygosepala Hk.f.
D. Fused lateral sepals .

' | T E. Fused alae . -

¢
F. Bifid spur

G - H, I. lanessani Hk.f.
. P84 alae

H. Bifid. spur
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Table 7
- Additional species of Impatiens with didymous anthers
] "
Region . )Speé;es'
Western Himalayan. 1. 1. corjosepala Hk.fka
& 2. 1. langeana llk.f.
3. I. reidii Hk.f,
* 4. I, stoliczkai Hk.f.
5. I. vesillaria Hk.f.
Deccan . 1. 1I. debilis Tuféz.
zy////’/ » L. perrottetii Turecz.
1. I. imbecillia Hk.f.

China .

)

“

81t 1s ndt clear whether

this species has connate or didymous

N

anthers.

T6E
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Y

represent a paraphyletic group. The Western Himalayan specigs‘

]

<Probaﬁé£“repxesgnt a.single;evolutionary line. The tw? Deccan species
(which belong t; Section Annuae) are not cldsely'allied Eb the
preceeding groﬁp; The southeast Asian species (Table 6) form a

;hird aséeﬁblage. The Chinése calciphilé species I. imbeccillia ﬁk.f.
(Taﬁle'?) may be related to\¥his group since it displéys some
vegetative and florgl-similarities, but this cannot be said with

certainty at the present time. N v

The presence of species of Impatiens in Southeast Asia which

share~in varying degrees a set of characters approaﬁhing that of

Semeiog;rdium, suggests that the one species of the latter genus isg
ﬁrobably an evolutionary enhpoint of a group of'caléiéhile Impatiens
5pecies. Obviously, this group of balsam species néeds a very
critical :eevaluation,,eépecially L. bonii Hk:f. for wﬁicﬁ I feel the
protologue is ve-' unsatisfactory. Furtheymoré, the Sdndé Islands to‘
vhich §. arriengii Zoll. is native aée botanically poorly known. It

-

may well be that there are additional species which would shed more

light on b!e_Semeibcardium problem, but even with the data at hand, it
’is evident that S. arriensii shows-definite affinities to certain
\\ Impatiens species and it is highly misleading to isolate it as a

monotypic genus. . ' ’
' z

7. Trimorphopetalum Baker in J. Linn. Soc.xxii: 454(1887);
Perrier in Arch. Bot. t. vii, mém. 1: 64(1933).

« 2. T. dorstenioides Bak. in J. Linn. Soc.xxii: 455(1887).

I. dor8tenioides (Bak.) Watburg in Prantl and Engler, Nat. :
- Pflanzenf. #ii(5): 391(1895); Hooker in Ie. Pl. xxix, t. 2828(1907).
Perrier in Arch Bot. t. vii, mém. 1: 79(1933).

»

Nomenclature: Hooker (1907) is not strictly correct in stating

B e
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that Baker (1887) described the genus incorrectly. The Latin proto-

- logue for Trimorphopetalum is correct, but the English protologue for

T. dorsteniodes contains an erroneous reference to the upper "sepal"

. rather than the vexillum, an understandable confusion since the

vexillum and antivexillar sepals’ are very similar. Hence, '
R S

Trimorphopetalum is validly énd effectively published in my opinion.

»

" T1lustrations: Hooker in Ic. Pl. xxix, t. 2828(1907).
7

" Typus: T. dorﬁﬁeniﬁdes Bak.: Madagascar, no locality given

(Rev. R. Baron, no. 4476). Location of type unknown.

* '

Distribution: Madagascar; Perrier did not find the type species

while collecting. The remaining species of section Typimorphopetalum

are ‘confined to the eastern and central portions of the island
. - ' g
(Pexrier, 1933). ’ '

L

Diagnostic characters: 1. Antivexillar sepal galeate lacking

any gibbosity, and'spurleés. 2. Flowers small, ingonspicuous and

colored green, yellow, or reddish.
» Discussion

This genus which Baéer described on the basig gf a single species,
is in fact a large group of forty-six species (Perrier, 1933i.c0nfine$
to Madagascag. Theﬁmost remarkable feature, which Hooker (1907)
failed to appreciate, is the anti exillar sebal thch does nat display
the peculiar morphology sa characteristic of Imgatieﬁs. rThe odd sepal.
and vexillum are rigid and veined with brown in a manner not seen in

1
other Balsaminaceae (Fig. 5). This is to be expectpd since the



?igure 5

Trimorphopetalum dorsteniocides Baker'

A. Side view (arrow indicates galeate

‘antivexiliar sepal). .

' B, Front view (arrdw‘;ndicates

4

vexillum).

Based on Hooker (1907). -

-
e
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o '

markings in specfes with gibbose antiveﬁillar sepals are arranged as.,
.

-

»
guides to the floral nectary which is located in the tip of the spur.

\‘ .al

Except for the standard and antivexillar sepal Trimorphopetalum

species-ds not differ from the Humblotianae (bucciniform—-spurred) .

and Vulgares (navicular-spurred) spegles which make up the other two

major groups founq on Madagascar. For this reason Perrier (1933

- - 1 .

combined Trimorbhopetalum with ImEatiens, but as a sepafate section
intermediate Between Preimpatiena and Impatientella. oo

) One can speculate as to VAether.the galeate spur is a'plesioaor;hia
or apomorphic character: The pariaﬁqh as a whole is highly zygomorphic
and obviously apomoréhic. Furiharmore,ithé‘absance of trily galeate-

spurred species of Balsaminaceae except on Madagascar suggests that -

Trimorphopetalum arose after the breakup of Gondwanaland and is

therefore not as ancient as the groups of Imgatieﬂs which are shared by
Africa, Madagascar, and southern Asia. [ 1 cannot accept Hooker's

contention that I. dorstemioides Bak. (or 1. dorstepioides (Bak.)Warb.)

is related to I. balsamina L. merely because both have a aolitary
inflorescence} otherwise they are entirely different]. On the other
hand, it cannot be said with certainty that this is not an example

.

of eterobathomy and that Trimorph;petalum has survived in isolatlon

on Madagascar while its relatives became extinct elsewhere.

Concluding Remarks : ‘

Seven genera have been recognized in the Balsaminaceae.. Their:

taxonomic validity has for the most part been the subject of the

A

individual perferences of varivus authors, who usually confined

themselves to a rela;{vely small group of taxa without a thorough
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grounding in the enofmous variability which exists in the

Balsaminaceae as a whole, :
It would be premature at this stage to propose any major

reorganization of the family. From the prcceeding review I am left

with the following iﬁpressions:

1. Balsamina which includes most of the tropical species is a

highly‘heterogenous group., The variocus evolutionary lines may share
a common character (Type I fruit capsule), but this must be verified
by a study of ﬁany more taxa,
2. Hydrocera ;5 a monotypic genus which in many ways resembless
I. balsamina. If one does recognize Hydrocera as a distinct genus,
then one may heled to making comparisons with Impatiens as a whole
(as Grey-Wilson has done),'and it is not at all clear that we are in
fact discussing ccmpa;able evolutionary units. The free petals have
‘suggested to at laast one author that H drochQ‘is inore primitive
than Impatiens (Ravén; 1975)., Since the perianth is in most other
ways ﬁighly modificd, it is more likely that this feature represents

an instance of hetevobathmy or even reversion to a primitive

character state.

3. Impatiens sensu stricto (species with Type II fruit capsules)

may well prove to be a fairly homogeneoqs group. Impétiens sensu lato,
by including species with Type I'capsules, leaves us with the same

problems as encountered in Balsamina, '

4. Impaticntella is so poorly understood that one hesitates to

discuss its status, but it clearly is not an evolutionary unit

comparable to Impatiens or Balsamina,

5. Petaloncma appears to be a taxon which has merely developed

s
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certain anomalous structures, It is difficult to imagine that it

+

represents an adaptive peak. .

6. Semeioccardium shares a number of critical characters with

certain calcophile Impatiens species in adjacent portions of

Southeast Asia. Since there 1s no radical discontinuity, it is

difficult to justify conferring'generic states on the single
£
included species. _ S
“» N ‘
7. Trimorphopetalum is a distinct group distinguished by one

-

character (a galeate antivékillar.sepal) which is apparently not
found elsewhere in the family. furthermore, ié is 'confined to
Madagascar. It has peéhaps of all the genera the greatest. authenti-
'city,'but again it does not appear to bé_an evolﬁtionary unié

comparable to Balsamina or Impatiens sensu lato.

The resolution of the generic problem can only follow a thofoﬁgh
examination of all the species in the family, using many more

characters than has béen the case _in the past: Serious consideration

should be given to biotic and historic factors which have led to
evoiutionary.divergence, and to the significance of the various phenetic
gréﬁps in terms of evoiutionary'peaks. Perhaps ;his will be a better

basis for'jquing taxonomic rank than the previocus haphazard methods.

-

At the same time the effect of any proposed scheme on nomenclature
; ;

-

‘should be considered. A major problem is that Impatiens as now accegtedt\
is a very heterogeneous taxon. For example, it may well be that there

¥s a greater difference between the relatively actinomorphic species

_and the red-or orange-flowered bucciniform species than there is between

Impatiens and the remaining genera. Dividing Impatiens into several

Ld
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genera will lead to a nightmare in terms of the nomenclatureC' 39

-

‘Perhaps a better solution, which would cbnserve,names but at the same
. 1] . -

time reflect natural groupings, would be to treat the Balsaminaceae
L - . : .

as™a monotypic family, in which the major(evplutionary units would be

organized as subgenera, series, and sections within Impatiens.

- L]

AFFINITIES oA

The méjority of taxonomiéts have'seen'the Balsaminacede-aé allied
to the Geranlales. Linnaeus (i7§3, 1754) dealt only with the genus
Impatiens which he placed (in his admittedly artificial system) last
in the class "Syngenesia ﬁpnogémi&“, following 232!5-- Neither Jussieu
(17895 nor ﬁe Candolle (1824) orgaui;ed their "natural Erﬂgrsh (the
ﬁddernlequivalent‘of which is'tﬁe family) into higher cagegories
speéifically, but khey did atrange them in a sequence in which one can
sée the.gefm of .the modern orders. In both tréatments the Balsaminaceae,
Ordo 48, Class 13'(Dicotyledone;, Polypgtalae,qHypogenae), is placed
between the Tropaeolaceae and Oxalidaceae. Bentham‘;nd Hooker (1862)

i

treated the 1;lsaminaceae as a tribe of the Geraniaceae, 2 sScheme.

-

which Hooker fetained in the Flora of British India (1874-75). Most
subsequent taxonomists (including Bessey, 1915; Hutchinson, 1926,

1973; Creonquist, 1968; Dahlgren, 1975, 1978; Thorne, 1976 and Takh-

- tajan, 1980) in outlining natural (i.e. ph&logenetic) schemes have

treated the Balsaminaceae as a distinct family in the Geraniales.

.This treatment was accepted by Bhaskar (1975) and Grey-Wilson (1980g)

in their.respective studies on the Deccan and African Impatiens.
A minority school of thought has allied the Balsaminaceae with °

the Polygales or the Sapindales (depending on which of these two Ordeﬁs
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was thought to include the families Tremandraceae, Trigoniaceae, and

’
N .

Vochys?aceae):' This arfangement has been éubscribéd to by Warburg

and Reiche. (1895), Melchior (1964) and Gibbs (1974). Finally,

‘Hallier (1912) proposed that the Balsaminaceae (which included éou;

tribes: the Balsamineae, Tropaeoleae, Limnantheae, and Parnaséieae)
" .

.
nt'

was a member of the Passiflorales, and was descended from the
Malvales. This final somewhat astonisﬁing hypothesis seems to bring -
us back to Limnaeus's observation of the superficial resemblance

between Impatiens and Viola, but is perhaps no more bizarre than

other simil?rities which have been suggested.
. Cronquist (1968) alone has discussed the problem in some detail:

"on a purely morphological basis, Ehe Balsaminaceae might be
accommodated Iin either the Geraniales or the Polygales as here con-
ceived. They would be wholly isolated in the Polygales, however,,
whereas they do have certain similariéies to the Tropaeolaéeae in‘the
Geraniales. The most obvious of these is the conspicuous retrose
spur on one of the sepals., The two families also have Very similar
pollen. On the other hand, they differ in so many éther wdys that

one is tempted to’ treat the similarities as accidental.” '. '

As the preceeding quotation indicates, it is the presence of a

" spur both in the Balsaminaceae and Tropaeolaceae that has been the

main criterion for placing the former family in the Geraniales. The
pollen similarities referred to by Cronquist were not seen by Huynh

(1968a,b, 1970) who proposed that the Balsaminaceae be elevaﬁed to

ordinal rank. In view of these diversgtopinions, it was decided ‘to-
. S

make a preliminary survey of the-Tropaéoléceae and the Vochysiaceae

(which was judged among the Polygales to bear the closest resemblance

to the Balsaminaceae)}.

Il
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Materials and Methods ’ L o

Herbarium specimens of the Tropaeolaceae were borrowed from GH
and of the Tremandraceae, Trigoniaceaec and Vochysiaceae from DAO. ’/
‘ ' 1 ’ . .

The species which were examined are given in Table 8, In addition,

fresh material of ‘a number of Impatiens species and of Tropaeolum.

majus L. was examined.

Obsarvations ' ' .

A comparison of selected character states is given in Table 9
(the Trigéniaceaé and Tremandraceae’ bore no resemblance to the other
three families and hence are exéluded from the disc;ssi?nl. As can
be seen the Tropa;olaceae and Vochysiaceae differ from the Balsamin-

aceae in approximztely an equal number of characters. This‘prelim—

inary survey yicldad two particularly interesting‘oﬁéervqtions:

1. The spur in the Tropaeclaceae is not derived from’the calyx,

but from the receptacle. This was recadily seen in fresh material of
T. majus L., when one looked down the perianth. The spur arises below
a faint ridge (Fig. 6) which is cleaxiy a lateral extension of the '

receptacle, The same phrenomenon was observed in herbarium specimens

of the Tropaeolaceae although the ridge was less evident than in

fresh material. Specimens in which it was éiearly evident <dncluded:

T. azureum Miers (Wagnerknecht, no. 4294), T. leptophyllum G. Don

(Aravena, no., 33336), T.'moritziand Klotzsch (Morazdn, no, 13758),

T, tricolorum Sweet (Montero, no. 138), T. warmingiaﬁum Rohrb.

(Willisws, no. 6771), and T. weberbaueri Loesn. (Plowman_& Navis,.no.
4892). The ridge has been omitted from most of puBlished illustrations
J o

of the Tropaeolaceae, and consequently, one is left with the impression
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Table o ‘

Species of Tremandtraceae, Trigopiaceae, Tropaeolaccae and

Vochysiaceae of which\g?rbarium specimens were examined

A, Tremandraceae
[

)

Tetratheca: T. ciliata Lindl., I. denticulata,'zf‘eriéifolia

Sm., T. glandulosa Lab., T. gutinii Hk.f., T. hirsuta Lindl.,

.and T. .juncea R. Br.

B. Trigoniaceae’

Trigonia: Trigonia floribunda Oerst. | !

.

C. Tropagolaceas

Magallanz: M, hialata Buchn., and M. porifolia Cav.

Trogéeoleu:: T. argentinum Buchen., T. azurcum Meirs, T.
" benthii Klotzseh, T. brachyceras Hk.f.& Arn., T. capillares Buch.,

T. cochabambae Buch., T. crepatiflorum Hk.f.Z’I, dipetalum R.& P.,
T. haynianum Bernh. , T. hookeriana Bhrn., T. huigrense Killip,
I,aincisum (Speg.) éparré,'g. kingii Phil., T. lepidum Phil.,
 £. legpophylluﬁ G. Don, T. looseri Sparre, T. ggigg L., T. meyeri

‘Sparre, T, moritziana Klotzsch, T. myriophyllum (P.& E.) Sparie,

I; papillosum Hughes, T. peltophorum Benth., T. pentaphyllum Lam.,

T. peregrinum L., T. polyphyllum Cav., T. pubesens H.B.& K., T.
seemanni Buch., T. sessifolium Poepp.& Endl., T. smithii DC., T,

speciosum Poepp.& Endl., T. tricolorum Sweet, T. tuberosum R.& P.,

»

T. umbellata Hk.f., T. warmingianum Rohrb. and T. weberbaueri Loesn.

D. Vochysiaceae

Erisma:‘E.'calcartum'(Link.) Warm.

Vochysia: V. guatamalensis Sm., V. hondurensis Sprague, and

* L]

V. thyrsoidea-Pohl. )

e A
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Table 9

A comparison of the families Balsamincceae, Tropaeolaceae, and Vochysiaceae

-~

‘ -
Family
Character Balsaminaceae ‘Tropacolaceae Vochysiageae
habit herbaceous to herbacceous lianasg lianas;suffrutescent
suffrutescent to small arborescent
phyllotaxy opposite ¢ alternate opposite
+ alternate peltate alternate
petiole insertion ~ verticillate verticillate
never peltate never peltate
leaf margins toothed lobed or dissected entire \)
stipules. a?se t or reduced to absent absent or reduced
glanas : . X
inflorescence varied solita{y compound racemes °
¢ »
resupination some speciés absent absent
flowers perfect perfect perfect
zygomorphic ) zygomorphie zygomorphic
sepals. 2-5 (free or connate) 5 (free) 5 (conna;ez
1 spurred - 1 spurred 1 spurred
' K
‘petals 5 ‘(connate) 7 S (free)

1-5 (free)

Table cont d.

eoy



Table 9 cont'd.

b ]

Family
Character « - Balsaminaceae Tropacoclaceae Vochysiaceae
£\ 7 : B -
stamens (;/} Ts (conﬁéte) "8 (free) 1+ 2-4 staminodés (fred)
ovary superior. - superior usually superior
5 fused carpels 3 fused t::n:pe].s-1 1-3 (fused) carpels
(1 locule/earpel) (1 tocule/carpel) 1 (1 locule/carpel)-3
placentation axile 1 .axile3-
ovules 11 . 1~numefous3
stigmas 3 1 . i
fruit . dehiscent capsule schizocarp or capsule or- )
samara samara
endosperm i none 1 usually none 3
. 1 . 3 ) \/"
embryo straight straight
chromosome number 12,13,14 2 unknown

(n)

1Juf:y (1978). .
2quen (1975).
dchant (1978).

a . ' .
KEcordlng to literature.

#04h
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_ Figure 6 : o '
r % ' ’
‘The spurs of Tropaeolum and Impatiens

A - B, Trogaeoium majus L.
' ; A. Lateral view showing‘faint :idgg which
is an extension of the receptacle “
(arrow) and spur arising from the.

ridge.-

B. Posterior view (arrow indicates
'ri&ge). ;

C. Impatiens hawkeri Bull with spur

arising from sepal.
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that fhé'spur arises directly and smoothlf from one of the sepals,

This may help eﬁpiain ‘the errdneogs assumpfions which have been.made
éoncérning its origi;. In contrast, it was found that in the
Balsaminaceae and Vochyslaceae the spur was found to be derived
whoily from sepaia; tissue (Figsf 65. © Support for these
observations was later found in Payer (1857). As can be seen (Fig. 7),
during development the recepﬁacle iﬁ Tropaeolum expan@s asymmetrica}ly
and the spur arises from the resulting swelling. This is a very
different situatioﬂ_than is found in Impatiens (Payér did not study
thngézhysiaceae). Thus.there is pood evidence for stating that the
spurs afe nonhoyologous and mefely a pgrallel developﬁept. Obviously,
a thorough study oI the floyer devclopmeqt_in the families of the
cerénialcs and Pclvsalales might %geld valuable insights into their
true relationships. . L

2. It was foind that neither in the Tropaeolaceae nor the
Vochysiaceae was tﬁE—Bfésence of a spur associited with rcsupination.
This lends fdrthgr suppért Fo‘ﬁy earlier th;sis that the development

of resupination in the Balsaminaceae was not a necessary consequence

-

of the evolutign of a spur as was ecarlier postulated by Grey-Wilson

(1980g).

I found/the genﬁs Erismadelnﬁus Mildbraed, which appears to be

a relatively primitive member of the Vochysiaceae Mildbraed, of par-

ticular interest to the question of affinities. " This genus (with three

species) is the only African representative of the family, and is

restricted to a small area in Cameroon. The species E. exsul

Mildbraed is illustrated in Fig. 8, In many ways, this species
~

resembles what I imagine to have been the ancestor of the Balsaminaceae.

n
\\
e

BRI v



Figure 7

.

The development of the spur during floral ontogenesis

-as reported by Payer (1857) '

.

’

Early develdpment sh&wing anther,.ﬁetal initials,
and receptacle (arrow)., Sepals Nave been removed

@
to facilitate observation.

Later development showing lateral bulging of

receptacle (thick arrow) with spur (thin arrow)
’ &>

arising below. .
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-

v Figure'ﬂ -

Erismadelphus exsul Mildbraéd (Vochysiaceae)

A.. Flower (arrow-ind}cates nectary).
B. Longitudinal section showing ovary,

fertile stamen, and staminodes,

s . .

Based on Chant (1978).
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A gibbose nectary develop;.on'one of the se¢pals, and there are five
free petals. The ovary is reported to be inferior {(Chant, 1978), .
whereas in Balsaminaceae it 1s superior. It is quite cvi@ent in
cross-section (Fig. 7) tﬁat the inferior ovary could well be a
secondary modification associated with the developmé&t of a gibbose
nectary and the subsequéni displacement ;f the gynoecium and
androecium. It shogld be stressed that these comments are not an
endor sement of Warburg and Reiche's (1895) hypothesis that the
Balsaminaceae is more nearly related to the Polygal ales thad to the
Geraniales, but merely an ind%cation.af the limited and often
Qpcritical data béses which have been used in éen;r;ting phylogenies.

]



CONGLUSIONS AND SUMMARY
4" N

1. The genus Imgatieﬁs in the family Balsaminaceae has tﬁe
réputation of being onme of the most taxénomically difficult genera
in the angiosﬁerms., Its classification has been impgded by the
poor quality of herbarium specimens, and an’ overly regional and
phenetic approach to iEs taxonomy; As a consequence, in the
present studies herbarium and literature work was supplemented by
f;eld studies in peninsular India, Sri Lanka, Malaysia and.Indonesia.'
Seeds were collected whenever available, but those of many species\
failed to germinate, necessitéting a second trip to India to obtain
sufficient material for study. Plants were collected gnd imported
into North America as sterile-rooted cuttings. Additional cuttings
weré obtained from several instiéutions. Live plants hﬁve been an

enormous aid in understanding the genus. .

2. . Neither the classification developed by Héoker (1874-75:ll904-06)
nor by Warburg and Reiche (1895) was founﬁ/adequage. Hookervwas
unable to interpret the flower itself in a meaningful way; and so

he turned 'to the inflorescence as the basis for h;s classification.
W&rburg and Reiche onlj made minor modifi&ationsjin this system. A
very different apprbach was used by Perrier (1933) in his study on

the balsam flora of Madagaécar. ‘Be recognized two'major flower’ types:
one in which the corolla was relatively flat and the spur long and
fillifqrm;'and a second with a much reduced corclla, a deeply cu;ul—
late vexillum, and a short-spurred, funnel<shaped antivexillar sepal.

In terms of modern concepts. of pollination biology, the former is a

413
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butterfly-pollinated flowgr; the iatter, a bee-pollinated one. Grey--
Wilson (1980g) has made effective use of this pattern in his revision

of the African Impatiens, cdgtributing subclasses of flowers that are

-

based on additional pollinaty

T groups.

The flower of Impatiens is highly zygomorphic, and this has led
to varying iﬁterpretations;éf the ﬁerianth segments. Knuth ﬁostulated
that the vexillum consists'pf two fused sépals whiich were abasent .in
all Imgatiené then known. Later Thoﬁson and Hooker (1859) reported
that th;re were sﬁecies with four lateral sepals, and they concluded
that the vexillum is merely a modified petal.. in the present study,
it was shown that there are at least three types of flowers whichlcan
~ be distinguished on the basis of the number of calyx segments; those
" which alﬁays have five sepals, those which always have three, and
those yhich may have five or three. A survey was made of all species'
in tﬁe genus, and the number of sepals was recorde&. It was found
that the condition is by no means as rare és was ;hought; but it was
not found that this character state was ;ssocigted with species which
have tﬂe clagsical butterfly-pollinated flower and which are
presumably primitive. Furthermore, studies (Payer, 1857; Grey;ﬁilson,
1980e) purporting.to obServe traces of the‘missiné sepals were carried '

\

out on a single species, I. glandulifera Royle. According to .the

present study this species has at times three sepdls,.at others five,
The problem is underscored by Grey-Wilson's earlier (1977) report °
that he was unable to find any rudimentary wvascular traces in

I. walleriana Hk.f. a species with a primitive flower which always has

two sepals. Studies must be made using species in each of the three

1

categdries outlined above.
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Liﬁing métérial of iny'one species with four lateral sepals was
¢ ; available for observation. The inner pair were fbund to be smaller
and more memﬁranous éhan the outer ones, and to opan mucﬁ later‘in
- floral ontogenesis, This led to a review of all reports on species
with four sépais and it waéifound thaf in all cases the outer and
inner‘ones differ, Furthermore, all species having—this character
state have‘a compound inflorescence. :This, together'wiﬁh obseiV9—
tioné on teranid;flowers of 1. balsamina.L., suggests that the OUEer
sepals may in fact belbracts. It-was then sugggsted that the missing
sepals may instead be represented by the costa of the vexillum,
3. The fruit of 2 number of species was egamined at maturityj and it
was found that the fruit is of two types. In &ype I, the dehiscenée
begins at the nidnoint of one suture, and proceeds outward, eventually
causing the fruif to double oﬁer. The placentaland much of thelseed
is trapped until the fruit abcisses several days later. This type
of capsule easily.c0uld havc'given rise to the frJic of szroceré
if certainﬁpublished drawings are correct. In Type II capsules, all
five vaives split at the sutures beginning at the bagé and procee&ing
élmost to the apex., Seced aﬁd capéule are thrust viclently away from
the parent plaét. This is the type of fruilt that has been thoygﬁt
to characterize Imgatiéns, but it may occur in only somé re;ativeiy
advancéd ghjlogenetig lines. The fruit is very much in need of '
further stndy.. The;e are a large number of species for which frui;
characteristics have never been obﬁerved, and it would not be
sufprisjng to find additional fruit types.

4. The cyrotgxonomy of the genus was revicwed, and it was found that

different chromosome numbers do not uniquely characte;ize the sections.

*

A
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Consequently, if chromosomes are to be a useful character, they must

' be individually identified. Idiograms wére prepared of ten species

for which a sufficient number of good metaphdses was: availabe.
Chromosomes varied from metacentric to submetacentric, and satellites
were présent in a number of complements, but no interpreﬁable pattern

was observed. Obviously, it will be necessary to study many more

T

specieg. On the other hand, comparison of idiograms of fodr‘closeiy
related sﬁeéies in the I, walleriana aggregate from Africa, indicat#
thét karyotypes per se may be difficult to interprét. Three of the
species have satellite chromosomes, which based on léﬁgth and arms
ratiog are not 'strictly homologous. Chfomosome.banding was then
attempted in order to Sbt?in additional markers for distinguishin

1 ' } 4

individual chromosomes. . Giemsa banding nas so far been unsuccessful,

but Hy-baﬁds were observed in a number of species following a standard

procedure for staining with basic fuchsin. It 'was then possible to
identify the homeologous chromosomes in the prometaphases of three

plants of I. leschenaultii Wall. (2n = 6) from. the same population.

The fact that the chromosomes are apparently not strictly homelogous,
that 1s, that they show minor variation suggests that rather than
attempting detailed mapping of every band on each chromosome of the

complehent, marker chromosomes should be identified and their

. distribution in the genus analyzed. Chromosome 2 in I. leschenaultii

is one such marker chromosoﬁe, and two other potential candidates were
observed. All of these .marker chromosomes were found only in some

groups of species. This may proﬁe to be a relatively quick means

of gaining information on the cytoevolution of Impatiens.

~A
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Meiotic abnormalities ﬁere_obse:ved for the first time in

non-cultivate&-qpecies. The ir:egularitieﬁ_iggfﬂZed: lagging cliromo-
isomes, bridges, secondary associations, mic;onuclei, additional cells
at-the quartet stage, and pollen graing varying in size. 'In the latter
both large and éﬁaii pollen grains stained with cottomn blug,_and
preliminary ;rmina n tést§ were:posit£ve in both cases. POlan
dimorphism hak not been reported iﬂ Impatiens. Techniques must be
developed to remove the pollen exine so that most, not only a few
chromosome counté, can be carriga out to determine the distribution of
chromosomes in’ the,ppllen grains of diffeéent sizes. Alternatively,.
DNA determinatiops us%ng Feulgen cytophgtcﬁepry may prove useful.
The resulting data may facilitate our under#tanding of aneuploidy and
dysploidy in Impatiens. .
5. indhis la;er years, Hooker stressed the®endemism foundlin fmgatiens,
and the theme was carried on by subsequent writers. After a survey
of . the genus as a whole, it'is evident that two different pherPmena
have been confused. The majér phylogenetic lines are not restFicted to
one phytogeographic region, but are fairly wide ranging. Six of thesé
groups are described and discussed as examples. On the other hand, tye
individuél species in the tropics do tend to be localized and few
.occur in mere than one phytogecgraphic regionm. In the tropics,

.
Impatiens is an orophytic'genus, and the ﬁountain systems of the
tropics’ are rela;ively isclated. The vegetation fdrmation'in‘which
Impatiens occurs is a subtemperate type’ﬁhich cannot survive in the
tropical lowlands. Hence montane hégitats are analogous to islands in

a phytogeographic sense, In contrast, in the temperate zone, the

~climate of lowlands is suitable to Impatiens, and there are no endemi;



species at higﬁer latitudes.

-

6. Seven genera have been recognized in the family Balsaminaceae.
A review of these demonstrated that most were described by authors
unfamiliar with the great variability which is found in the largest

‘genus, Impatiens. It is curious that taxonomists have chosen to accord

-t

. generig rank to such minor discontinuities as characterize Hydrocera
and Petalonema while'ighoring the distinction between the butterfly-
and bee-pollinated species of Impatiens, which is prebably the oldest

dichotomy in the Balsaminaceae. It is clear that if one is to keep

-

some of these obscure genera merely for the sake of tradition, then
the genus Impatiens zs now constituted would have to be broken up
into several genarz on the basis of major flower and fruit characters.

This solution would de disastrous in terms O%Vgomenclature, and
. . :
‘cannot be advised. The alternative is to recognize only one genus,

.
‘

Impatiens, irn the Balsamipaceae thus allowing a within-group reorgan-

number\of taxa.
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