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Abstract
The morphology of the seed coat surface of 21 representative species in four sections, sects.
Enantiophylion, Microcentron, Macrocentron and Brachycentron of the genus Impatiens sensu War-
burg and Reiche was examined by scanning electron microscopy to assess the systematic relation-
ships of the species. Similarities in seed coat surface sculpturing suggest the recognition of seven
species groups, well supporting an infrageneric classification based on floral structure, seedling

morphology and seed shape.

Key words :

The genus Impatiens, consisting of about 850
species, is distributed worldwide except in South
America and Australia {Grey-Wilson 1980}, In
their earliest classification Hooker and Thomson
(1859) recognized two genera in the Balsamin-
eae, Impatiens and Hydrocera, and seven sec-
tions within the Indian Impatiens on the basis of
habit, phyllotaxy, inflorescence and seed mor-
phology. In 1874, Hooker proposed the division
of the genus into series A {with short and ovate
capsules) and B (with terete or clavate capsules),
The sections used earlier (Hooker and Thomson
1859) were retained here. Thereafter, Warburg

Balsaminaceae, Impatiens, seed coat, systematics.

and Reiche (1895) presented a more extensive
scheme for classification, recognizing two sub-
genera on a habit: Acaulimpatiens (composed
only of the section Scapigerce Hook. f. et
Thoms. ), and Caulimpatiens {=subgenus Impa-
tiens, including all the other sections of Hooker}.
In contrast to Hooker (1874), who did not subdi-
vide his sections, Warburg and Reiche subdi-
vided the subgenus Caulimpatiens into 12 sec-
tions on the basis of phyllotaxy, inflorescence
and spur characters (Table 1). Therefore, sev-
eral infrageneric taxa in Warburg and Reiche'’s
system are partly related to different sections in

Table 1. Classification of 12 sections in Impatiens subgen. Impatiens (Warburg and Reiche 1895)

Spur of the lip
Leaves Flowers Long Short

Opposite or whorled Solitary or a few Enantiophyllon Kathetophyllon
Many Choniochillon Salpingochillon

Alternate Solitary or fascicled Macrocentron Microcentron
2.5 in raceme Megalocentron Brachycentron

Many in umbel Longicornes Brevicornes
Many in raceme Longicalcaratae Brevicalcaratae
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Hooker's system. For example, section Scapi-
gerae Hook. f. et Thoms. corresponds to subge-
nus Acaulimpatiens Warb.; likewise, section
Oppositifolice Hook. f. et Thoms. corresponds to
section Enantiophyllon Warb., and section Uni-
florae Hook. f. et Thoms. to section Microcentron
Warb.

During the past few decades, studies by scan-
ning electron microscopy have greatly contrib-
uted to systematics of various angiosperm taxa,
ineluding Collumia (Chuang and Heckard 1972)
Cactaceae and Orchidaceae {(Barthlot 1984), Bro-
meliaceae (Vadarajan and Gilmartin 1988),
Nama (Chance and Bacon 1984) and Veronica
(Juan and Fernandez 1994). As to the genus I'm-
patiens, Shimizu (1979) examined the seed sur-
face morphology of Southeast Asian species and
recognized several seed types.

In this paper we report the seed coat morphocl-
ogy of 21 representative species in four sections
of Impatiens sensu Warburg and Reiche and dis-
cuss its systematic value compared with the use
of other morphological characters such as seed
shape, number of carpels and seedling morphol-

ogy.

1

Materials and Methods

Seeds of 21 species of Impatiens representing
four sections, FEnantiophyllon, Microcentron,
Muacrocentron and Brachycentron were investi-
gated in this study. Voucher specimens are pre-
served in the Herbarium of Kanazawa Univer-
sity, Kanazawa, Japan (KANA) , and the Herbar-
jum Bogoriense, Bogor, Indonesia (BO) (Table
2). The seeds were fixed with 10% glutaralde-
hyde, FAA, or Telyesnicky's solution in the field
and have been kept in 70% ethanol. For scan-
ning electron microscopy, they were dehydrated
through an ethanol series and dried by a critieal
point drier using CO:, and then coated with gold.

Results and Discussion

Results of this investigation are summarized
in Table 8. Scanning electron micrographs of the
seeds of all 21 species are presented in Figs. 1-
36. The seeds of the species examined are mor-
phologically very diverse. They range approxi-
mately from 1 mm to 4 mm in length; black or
brown in color; globose or flattened, elliptical or
oblong in shape ; and sulcate or non-sulcate.

Shimizu (1979) examined the surface sculpture
morphology of the seeds and recognized two seed

Table 2. Impatiens species examined

Section Species Locality Voucher
I chinensis L. Thailand : Loeei KANA 190740
I gardneriana Wight et Arn.  {India; W. Ghats KANA 194740
. I, griffithii Hook. f, Malaya : Pahan KANA 190762
Enantiophyllon | o ile)j:ii Wight et Arn. Indiay: W. Ghatsg KANA 194742
I. masoni Hook. £, Thailand : Petchabun KANA 189638
I platypetala Lindl. Indonesia: W, java BO 114839
I alboflava Miq. Indonesia : W. Sumatra KANA 189413
I arriensii (Zoll,} T. Shimizu |Indonesia: E. Java BO 20911
I balsamina L. Cultivated None
I bunnackii T. Shimizu Thailand : Loei KANA 1895561
Microcentron I charenii T. Shimizu Thailand : Saraburi KANA 189567
I. hongsonensis T. Shimizu Thailand : Maehonson KANA 189546
I kerrige Craib, Thailand : Chiangmai KANA 189623
I larsenii T. Shimizu Thailand : Surathani KANA 189594
1. macrosepala Hook. f. Thailand : Phangnay KANA 189850
I, psittacina Hook. £ Thailand : Surathani KANA 189805
I. patula Craib. Thailand : Chiangmai KANA 189920
Mucrocentron |1 santisukii T. Shimizu Thailand : Chiangmai KANA 189742
1. violiflora Hook. f. Thailand : N. Tak KANA 189917
Brachyeentron I. noli-tangere L. Japan : Nagano KANA 189559
L textori Migq. Japan : Ishikawa KANA 182684
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types in section Enantiophyllion, five types in
section Microcentron, and three types in section
Macrocentron. In addition, he recognized a sin-
gle type in section Brachycentron and section
Longicalcaratae, respectively. However, he did
not refer to correlations between the seed type
and other morphological characters.

In the present study, we found that the spe-
cies could be divided into seven groups on the
basis of seed shape and seed coat features.
These seven groups are explained below and dis-
cussed following Warburg and Reiche’s system
(Tables 1 and 3).

1. Section Enantiophyllon Six species be-
longing to this section were examined and are
divided into two groups :

Group I, comprising Impatiens chinensis (Fig.

1) , I kleinii (Fig. 2) and I. masoni (Fig. 3) , is
characterized by black globose seeds with glab-
rous and a shining surface, and thus comparable
to the “Chinensis type” (Shimizu 1979). These
three species share opposite leaves, but are dif-

Figs. 1-6. Scanning electron micrographs of seeds of
Impatiens in section Enantiophylion. 1. I. chinensis,
2. I kleinii, 3. I. masoni, 4. I. gardneriana, 5. L
griffithii, 6. I. platypetala. Scale = 330 um.

Table 3. Comparisons in seed and other morphological characters among 21 species examined of Impatiens

Section Species Species group Seed shape Surface Seed type' | Carpel®| Seedling®
L chinensis I Globose Glabrous and shining Chinensis| 5 F
L kleinii* I Globose Glabrous and shining Chinensis| 5
4 I masoni I Globose Glabrous and shining Chinensis| 5 H
Enantiophyllon i ; o g " : "
L. gardneriana* I Elliptical and flattened | Pilose with long hairs Platypetala| 5
I griffithii il Elliptical and flattened | Pilose with long hairs  |Platypetala 5 E
1. platypetala I Elliptical and flattened Pilose with long hairs Platypetala) 5 E
I balsamina Il Globose Verrucose Balsamina | 5 C
I. alboflava® v Elliptical Granulate and finely granulate |Psittacina| 4
I hongsonensis* v Elliptical Granulate and finely granulate |Psittacina| 4
I. kerriae v Elliptical Granulate and finely granulate |Psittacina| 4 B
. I larsenii* I\ Elliptical Granulate and finely granulate |Psittacina| 4 B
Microcentron . , - : :
I psittacina v Elliptical Granulate and finely granulate |Psittacina| 4
1. arriensii \' Oblong elliptical and sulcate | Pilose with ventrifixed hairs [Macrosepala | 4 A
1. bunnackii* A Oblong elliptical and sulcate | Pilose with ventrifixed hairs |Macrosepala | 4 A
L charanii* Vs Oblong elliptical and sulcate | Pilose with ventrifixed hairs |Macrosepala| 4 A
I. macrosepala vV Oblong elliptical and sulcate | Pilose with ventrifixed hairs |Macrosepala| 4 A
L patula* v Ovate and flattened Pilose and finely granulate |Violiflora | 5
Macrocentron | I. santisukii* Vi Ovate and flattened Pilose and finely granulate |Violiflora 5 C
L violiflora i Ovate and flattened Pilose and finely granulate |Violiflora 5 C
B I noli-tangere* i Elliptical Reticulate and granulate |Noli-tangere* 5 C
rachycentron . i : ;
L textori* i Elliptical Reticulate and granulate |Nolitangere* | 5 B

*Species investigated for the first time as to seed coat surface 1. See Shimizu (1979).
3. See Shimizu (1982, 1985).

== 118 =

2. See Shimizu (1987).
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ferent in seedling morphology. I. chinensis be-
longs to “subgroup F” (cotyledon epigeal, hypo-
cotyl not elongated and cotyledons on ground
surface) , while I. masoni is assigned to “sub-
group H” (cotyledons hypogeal and swollen,
Shimizu 1982, 1985).

Group II, including Impatiens gardneriana
(Fig. 4) , I griffithii (Fig. 5) . and L platypetala
(Fig. 6), is characterized by ovate and flattened
seeds densely covered with long hairs on the
surface. But, in I. platypetala as shown in Fig. 6,
many hairs fell off, and their scars were ob-
served. This type was referred to the “Platy-
petala type” (Shimizu 1979). These three species
have whorled leaves and a similar type of seed-
ling morphology “subgroup E” (cotyledon epigeal,
hypocotyl definitely elongated, epicotyl elon-
gated ; leaves of the seedlings opposite, at least
by the 6 th leaf stage, Shimizu 1982, 1985),

All the species in both group I and group I
have a perennial habit and 5-carpellate ovaries.
The similarities in the seed coat surface, to-
gether with their phyllotaxy and seed shape sug-
gest that section Enantiophyllon can be divided
into two groups. In contrast to the similar seed-
ling type shared by the species of group I, the
species of the group I have two different types.
Hypogeal germination of I. masoni is considered
correlated to the tuberiferous habit, while L
chinensis and I. kleinii have a rhizomatous habit.

2. Section Microcentron : Ten species of this
section were examined and are divided into
three groups :

Group III. Only Impatiens balsamina {Figs.
7, 8) is assigned to this group. It is characterized
by large globose seeds covered with small pecu-
liar wart-like outgrowths of geometric pattern,
about 50 um in height. This type was named the
“Balsamina type” (Shimizu 1979). The seedlings
belong to “subgroup C” (epicotyl elongated up to
nearly as long as hypocotyl ; leaves of seedling
all or partly opposite, Shimizu 1982, 1985). The
species is also characterized by inflated tomen-
tose capsules. Such a kind of capsule is not seen
in any other groups.

Group IV, which includes Impatiens alboflava
(Figs. 9, 10), I larsenii (Figs. 11, 12), I hong-
sonensis (Figs. 13, 14), I kerriae (Figs. 15, 16)

Figs. 7-12. Scanning electron micrographs of seeds of
Impatiens in section Microcentron. 7, 8. I bal-
samina, 9, 10. I alboflava, 11, 12. I larsenii.
Whole seed. Scale = 330 um.

Surface sculpturing. Scale = 33 pm.

Figs. 13-18. Scanning electron micrographs of seeds
of Impatiens in section Microcentron. 13, 14. I
hongsonensis, 15, 16, I. kerriae, 17, 18. I. psittac-
ina. Whole seed. Scale = 330 pm. Surface sculptur-
ing. Scale = 33 pm.

and I. psittacina (Figs. 17, 18), is characterized
by elliptical seeds with both kinds of projec-
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tions; big and minute. Here we use the words
“granulate” and “finely granulate” for these pro-
jections (Table 3). In I alboflava and I. psitta-
cina 2-5 granules form a cluster, while in the
other species are composed of a single form. I
alboflava and I. larsenii are quite peculiar to the
genus in having non-pendulous flowers and
asymmetrical wing petals (Utami and Shimizu,
unpublished)., However, the seed coat is covered
with clustered granules in the former, while the
granules on the latter are solitary. In this re-
spect, the seed character can be used to dis-
criminate these two species, too.

The leaves of these species are alternate, and
their seedlings (except I. psittacina) belong to
“subgroup B” (epicotyl much shorter than hypo-
cotyl ; leaves of seedling all alternate), while
that of I psiftacina belongs to “subgroup C”
(epicotyl elongated up to nearly as long as hypo-
cotyl ; leaves of seedling all or partly opposite,
Shimizu 1982, 1985),

Group V, which comprises four species here,
Impatiens arriensii (Figs. 19, 20) , I macrosepala
(Figs. 21, 22), I bunnackii (Figs. 22, 23) and L.
charanii (Figs. 25, 26) is characterized by oblong
elliptical and sulcate seeds covered with ventri-

Figs. 19-24. Scanning electron micrographs of seeds
of Impatiens in section Microcentron. 19, 20. I. ar-
riensii, 21, 22, I. macrosepala, 23, 24. I. bunnackii.
Whole seed. Scale = 330 um. Surface sculpturing.
Scale = 33 um. Arrow shows ventrifixed point of
hairs.

Figs. 25-30. Scanning electron micrographs of seeds
of Impatiens in section Microcentron. 25, 26. I
charanii, and in section macrocentron 27, 28. I
patula, 29, 30. I. santisukii. Whole seed. Scale =
330 pum. Surface sculpturing. Scale = 33 pm.

fixed hairs on the surface. However, in the first
two species there are no minute granules,
whereas in the other two species there are nu-
merous minute granules on the seed surfaces. In
this group, therefore, the seed coat surface is di-
versified and it is possible to divide into “2 sub-
groups” .

The leaves of these four species are alternate.
Their carpels are 4 in number (cf. Shimizu 1987).
The seedlings belong to “subgroup A” (hypocotyl
elongated, epicotyl not elongated ; cotyledonary
blade cornute beneath, Shimizu 1982, 1985).
Ecologically the two groups (Groups IV and V)
are unique in the genus, mostly occupying sunny
or shady habitats in limestone areas. The seeds
of groups M, IV and V of section Microceniron
are easily distinguishable by the shape of their
hairs. As well as on the basis of their floral
anatomy and seedling morphology, it is consid-
ered that section Microcentron should be sepa-
rated at least into three groups.

The minute granules observed both in groups
I of section Enantiophyllon and IV of section
Microcentron are considered to contain the same
constituents (see group V).
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3. Section Macrocentron : Three species be-
longing to this section have been examined here.
As far as these three species are concerned,

their seed coat all possess the same type.

Group VI, comprising Impatiens patula (Figs.

27, 28) , I santisukii (Figs. 29, 30) , and I violi-
flora (Figs. 31, 32), is characterized by small, 1
-2 mm long, ovate and flattened seeds with two
kinds of projections : pilose hairs and fine gran-
ules. These seeds can be compared to the “Violi-
flora type” (Shimizu 1979). The minute projec-
tion of I. violiflora is not the production of an ex-
cretion of any kind of wax. The result of X ray
microanalysis suggests that it is rich in silicon
content. Its chemical composition is similar to
that of helical thickenings of the large projection
(Shimizu 1979). The seedlings in all the species
mentioned above belong to the “subgroup C”
(the first and second leaf is opposite, but the

other leaves are alternate, Shimizu 1982, 1985).

In this group, the seedling type well correlated
to the seed coat type.

4. Secion Brachycenitron : Two species were
examined in this section and similar seed sur-
faces were recognized.

Group VII, including Impatiens textori (Figs.
33, 34) and I. noli-tangere (Figs. 35, 36) is chara-
cterized by elliptical seeds with reticulate sur-
face. Epidermal cells are observable on the re-
ticulation thickenings. I. textori has two kinds of
granule, big and fine : 4-6 big granules (granule
-like epidermal cells) formed a cluster in the cen-
ter of the reticulation and a lot of fine granules
are formed inside the reticulation. In I nroli-
tangere granule-like epidermal cells form reticu-
lation and no fine granules are found. Although
these two species were put in the same group,
they might be separable. Furthermore, evidence
from leaf margin, flower colour and spur shape
also supported that I. noli-tangere and 1. textori
can be divided into two distinct groups as men-
tioned by Hong and Oh(1993). Both of these two
species have alternate leaves and similar struc-
ture of flowers, but their seedling morphology is
also different. The seedlings of I. noli-tangere be-
longs to “subgroup C” (the first and second leaf
of seedling are opposite, but the other leaves are

alternate) , and that of I. textori to “subgroup B”
(leaves of seedling all alternate, Shimizu 1982,
1985). These facts might suggest that they are
distantly related.

Conclusion
The examination of Impatiens seeds by scan-

Figs. 31-36. Scanning electron micrographs of seeds
of Impatiens in section Macrocentron: 31, 32. L
violiflora and section Brachycentron: 33, 34. I. tex-
tori, 35, 36. I. noli-tangere.

Whole seed. Scale = 330 um Surface sculpturing.
Scale = 32:33 um, 34:86 um, 36: 130 um. Arrow
indicating a cluster of granule-like epidermal cells.

ning electron microscopy confirms the general
value of seed coat features as systematic indica-
tors. In some sections in a traditional system of
the genus Impatiens {(Warburg and Reiche 1895) ,
seed coat features clearly partition examined
species into distinctive groups as in sect. Enan-
tiophyllon and sect. Microcentron, while they
seem well to support the delimitation of other
sections as exemplified by section Macrocentron.

Such grouping of Impatiens species is not al-
ways supported well by evidence from the seed-
ling morphology, contrary to other morphological
characters: phyllotaxy, floral structures, spur
characters and carpel numbers. The seeds cha-
racters will give good information to establishing
of the modern taxonomic system of the genus
Impatiens.
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