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Abstract.

Floral initiation and development in the hybrid geranium, Pelargonium X hortorum Bailey, were examined

using scanning electron microscopy. Inflorescence initiation was marked by a raising of the apex followed by the
formation of convex flower primordia. In floral development, 5 sepal primordia were delimited, closely followed by
5 petal primordia. Imbricate sepals enclosed the floral apex during later developmental stages. Five antesepalous,
then 5 antepetalous stamen primordia were initiated. Five gynoecial primordia arose, forming a pentagonal ridge,
carpellary lobes, and eventually an elongate style with stigma. Three of the antepetalous stamen primordia developed

into filaform staminodia.

The floral ontogeny of members of the Geraniaceae has been
described (2, 3, 5, 7, 8) by light microscopic observations and
line drawings or photographs. Miranda and Carlson (4) described
early initiation and the finally differentiated inflorscence in the
hybrid geranium; however, they did not show intermediate
changes. It appears that there has not been a complete description
of floral initiation and organogenesis of the hybrid geranium.
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This study describes the floral initiation and sequential devel-
opment of the hybrid geranium using scanning electron micros-
copy (SEM).

Materials and Methods

Hybrid geranium seeds, ‘Sprinter Scarlet’, were germinated
under intermittent mist and grow in 10-cm pots in sphagnum
peatmoss—vermiculite media amended with superphosphate and
minor nutrients. Plants were fertilized at each irrigation with
200 ppm N using 15N-OP-12.5K. Every 4th irrigation was with

595



Fig. 1-4. Development of inflorescence from the vegetative state.—1. Slightly convex vegetative apical meristem with leaf primordium and
vegetative apex surrounded by leaf bases of removed leaves. X 200. 2. Enlarged and raised apical meristem. X 200. 3. Numerous, convex
floral primorida. X 200. 4. Inflorescence with distinct floral initials, some showing early stages of sepal development. X 100—B = bract,

FP = floral primordium, LP = leaf primordium, LB = leaf base, V

tap water only to minimize soluble salt accumulation. Night
temperature was 16 = 3°C; day temperatures fluctuated with
ambient temperature but were never below 21°. Terminal apices
from 4 plants were collected every week and prepared for SEM.
Buds were dissected to suitable size for processing using a stereo
light microscope.

Tissues were fixed in 2% glutaraldehyde in 0.1M cacodylate
buffer, pH 7.2, serially dehydrated in ethanol and critical-point—
dried with CO,. Apices were mounted on aluminium stubs and

= vegetative meristem.

dissected selectively to expose desired organs or structures. Tis-
sues were sputter-coated with gold—palladium and observed with
a Cambridge Mark I1IA SEM.

Results

The flower in Pelargonium X hortorum is perfect, complete,
and 5-merous with 5 sepals, 5 petals, and 10 stamens. The
flowers are borne in an umbelliform dichasium.

Fig. 5-10. Development of the flower.—S5. Initiation of first 3 sepal primordia. X 200. 6. Further development of additional sepals with petal
initiation. X 200. 7. Inflorescence with individual floral initials in varying stages of development. Imbricate nature of sepals are evident.
% 50. 8. Floral bud with enlarged sepals and protuberances of antesepalous stamen primordia. X 200. 9. Further differentiated flower, top
view. Sepals have been removed to expose developing androecium and gynoecium. Petal primordia remain small. Antesepalous and antepetalous
stamen primordia are distinct. Three smaller antepetalous stamen primordia will develop into sterile stamenoidia. X 200. 10. Lateral view
of developing flower from which sepals have been removed showing relative position and small size of petal primordia. Gynoecial primordia
are visible. One antepetalous stamen primordium and some petal primordia are hidden from view. X200.—S = sepal, P = petal,
Stp = antepetalous stamen primordium, Sts = antesepalous stamen primordium, asterisk = sterile staminoidium primordium.
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Inflorescence initiation and development. The vegetative ap-
ical meristem is a slightly convex (Fig. 1). Leaf primordia are
initiated singly, high on the sides of the apex (Fig. 1). In the
initiation of the inflorescence apex there is an increase in height
and constriction of the apex (Fig. 2), followed by formation of
flower primordia (Fig. 3). The inflorescence broadens consid-
erably and increases in height (Fig. 3). In older inflorescences
(Fig. 4), distinct floral initials are apparent at different stages
of development. Generally, one or 2 flower primordia are at a
further-developed stage than other flowers within the same inf-
loresence (Fig. 4).

Floral differentiation. The stages of floral development are
chronologically listed in Table 1. During the development of a
single floral primordium, sepal primordia are initiated (Fig. 5).
The first and 2nd sepal primordia form, with the 3rd forming
in close proximity to the 2nd. The 4th and Sth sepal primordia
then successively initiate adjacent to the first (Fig. 6). Petal
primordia are initiated; however, development is restricted and
they persist as 5 rounded projections for some time, enfolded
between the sepals and stamens. A given inflorescence has floral
initials with sepals in varying stages of development (Fig. 7).
Sepals are imbricate and closely enclose the developing floral
apex. The calyx remains regular until the time of pistil devel-
opment. An indentation develops between the areas of the sepal
and receptacle forming an elongate calyx spur. Antesepalous

Table 1. Sequence of inflorescence and floral development in
Pelargonium X hortorum.

Developmental sequence Fig. in text
Inflorescence development
Stage Event
0 Vegetative apex 1
1 Dome formation 2
2 Initiation of floral initials 3
3 Floral developmental stages visible 4
Floral development
Stage Event
1 Sepal primordia 5,6
2 Petal primordia 6
3 Sepal enlargement 8
4 Antesepalous stamen primordia 8
5 Antepetalous stamen primordia 9, 10
6 Differentiation of stamen primordia; 9,10
Pentagonal ridge of gynoecium
7 Stamens with differentiated anther and filament; 12
3 Antepetalous stamen primordia forming stamino-
dia;

Carpellary lobes, central locular depression

8 Elongation of style column, pubescence on gynoe- 13, 14
cium
9  Separation and coiling of styles, papillate 15

stigmatic area

stamen primordia are initiated as rounded mounds (Fig. 8) and
are then followed by the slightly centrifugal development of 5
antepetalous stamen primorida (Fig. 9). Five antesepalous and
5 antepetalous stamen primordia are present. Three of the an-
tepetalous stamen primordia are somewhat smaller (Fig. 9); these
smaller stamen primordia will develop into sterile filamentous
staminodia. The larger antepetalous stamen primordia and all
antesepalous stamen primordia will develop fertile stamens. At
this stage the petals are small and positioned between and interior
to the sepals (Fig. 10). Five gynoecial primordia are visible (Fig.
10). Raised pentagonal ridges form during carpel development
(Fig. 11), followed by the gynoecium increasing in height and
forming a central locular depression and carpellary lobes (Fig.
12). The petals expand and flatten and will form a laminate,
petaloid corolla (Fig. 12). Stamens develop filaments and anther
lobes; 3 antepetalous stamenoidia (2 visible) have elongated
(Fig. 12). The androecium thus consists of 5 antesepalous sta-
mens alternating with 2 antepetalous stamens and 3 antepetalous
staminodia. Further development of the gynoecium involves
elongation of the style column and differentiation of ovary, style,
and stigma (Fig. 13). Styles are adnate to the elongate axis (Fig.
13). Present on the gynoecium are numerous epidermal hairs
(Fig. 14); filaments and staminodia are elongated (Fig. 13, 14).
Separation and coiling of the styles expose a papillate stigmatic
area (Fig. 15). Abundant uniseriate-covering hairs and glandular
trichomes are present covering the entire gynoecium (Fig. 16).

Discussion

The inflorescence of Pelargonium has been described as an
umbel (1, 6). However, it meets this criterion only in terms of
its general form; i.e., as an inflorescence composed of several
branches that radiate from almost the same point on a common
peduncle. The Pelargonium inflorescence lacks the centripetal,
indeterminate characteristics of the umbel and can be referred
to more correctly as an umbelliform dichasium (9) or as a series
of dichasia (10). The inflorescences of several members of the
Geraniaceae are discussed by Zanker (10).

Payer (5) describes 4 genera in the order Geraniales: Gera-
nium, Erodium, Pelargonium, and Monsonia. Floral character-
istics of the group are discussed, as are specific attributes for
each genus. His descriptions of Pelargonium inquinans differ
somewhat from that seen in P. X hortorum in the order of sepal
initiation. His descriptions of corolla initiation are similar, how-
ever, and androecium development is much the same with 2
stamen whorls and a similar reduction of 3 antepetalous stamens
to filaments without anthers.

Sattler (7) describes the floral organogenesis of Pelargonium
zonale. The initiation of the antepetalous stamens appears to
occur centrifugally at a level more distinctly different from the
antesepalous stamens and petal primordia than in P X hortorum.
Otherwise, Sattler’s description concurs with the developmental
pattern observed in P. X hortorum. Obdiplostemony represents
an interruption in the usual sequence of alternation in floral
whorls; thus, its morphological nature has been of interest. The

Fig. 11-16. Flower development.—11. Flower with sepals and 2 stamen primordia removed to illustrate gynoecial development and pentagonal
ridge formation during carpel development. Two staminodia and a petal are visible. X 200. 12. Flower with sepals and all but one anther
removed. Gynoecium with distinct carpellary lobes and central locular depression. Stamens have developed filaments and anther lobes.
Filament bases alternate with sterile staminodia. Petals have expanded and flattened. X 50. 13. Flower with sepals, petals, and one anther
removed. Enlargment and growth of style column is evident; styles are elongate and adnate. X 20. 14. Elongated filaments and staminodia
are visible. Note numerous epidermal hairs on gynoecium. X 50. 15. Separation and coiling of styles exposing papillate stigmatic area. X 20.
16. Glandular hairs on ovary. X200.—A = anther, C = carpellary lobes, F = filament, P = petal, R = pentagonal ridge, S = sepal,
St = stamen primordium, Sg = stigmatic area, Sy = style, asterisk = staminodia.
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obdiplostemony of members of the Geraniaceae has been studied
by Eckert (2) in regard to organogenesis, histogenesis, and vas-
cularization. In Geranium nodosum, antesepalous stamen initi-
ation precedes antepetalous stamen initiation, with the primordia
standing in one whorl. Obdiplostemony is derived from *‘dis-
placement’’ or increased growth of episepalous areas.

The flowers of Pelargonium are irregular, differing from other
members in the Geraniaceae with the development of a calyx
with a spur united to the pedicel. Sauer (8) describes some of
the later developmental stages and mature flower of Pelargonium
zonale with a discussion of spur formation. Labbe (3) describes
spur development in three species: P. endlicheranum, P. pel-
tatum, and P. zonale. Similar development occurs in P. X hor-
torum.
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Abstract.

Cucumis sativus, Glycine max, raffinose saccharides, sucrose.

Galactinol synthase was assayed from leaves of 24 different accessions (20 species), maturing seeds of

soybean, and cotyledons of germinating cucumber seeds. Leaf tissue contained concentrations of raffinose ranging
from not detectable to 0.36 mg/g fresh weight (gfw) and stachyose ranging from not detectable to 1.39 mg/gfw.
Galactinol synthase activity from leaves was correlated with the proportion of total sugar present as raffinose sac-
charides. In maturing soybean seeds, the appearance of galactinol synthase coincided with the biosynthesis of the
galactosyl-sugars. Cucumber seeds contained high levels of raffinose and stachyose which decreased in the cotyledon
during germination to a steady-state level coincident with the appearance of galactinol synthase.

The raffinose family of oligosaccharides occurs in various
plant families, many of them of horticultural importance such
as Fabaceae, Cucurbitaceae, and Brassicaceae (7, 17, 25, 35).
In legumes, these sugars often accumulate in seeds during ma-
turation, but are not found in detectable amounts in other parts
of the plant (14). Levels of 4-5% stachyose and 1-2% raffinose
have been reported in soybean seeds (4, 5), where stachyose
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levels can often equal those of sucrose (5-7%) (2, 5). These
sugars are considered major transport sugars in cucurbits (12),
and they also occur in many tree species (36).

Biosynthesis of raffinose saccharides occurs by sequential
transfer of galactosyl units to sucrose mediated by specific trans-
ferase enzymes (18). This is believed to occur through the in-
termediate galactinol, a compound composed of galactose and
myo-inositol in an alpha linkage (O-a-D-galactopyranosyl-myo-
inositol). Galactinol was first isolated from sugar beet by Brown
and Serro (3) and later shown to be associated with the biosyn-
thesis of raffinose saccharides by Senser and Kandler (24). Through
galactinol, galactose is transferred to sucrose in the formation
of raffinose and to raffinose in the formation of stachyose (19,
31) (Fig. 1).

Galactinol is synthesized by the enzyme galactinol synthase
(UDP-D-galactose:inositol galactosyltransferase) which cata-
lyzes the following reaction: UDP-galactose + myo-inositol —
galactinol + UDP. It was first isolated from maturing pea seeds
(8) and later isolated from Cucurbita leaves (34). This enzyme
has also been isolated and characterized from leaves of Cucumis
sativus (11, 22) where it has been shown to be subject to UDP
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