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Floral Organogenesis of Ranalisma rostratum (Alismataceae)
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Abstract The floral development of Ranalisma rostratum Stapf. has been observed under scanning electron
microscope (SEM) . Floral organogenesis of R. rostratum is generally typical in Alismataceae, but it is unique
in having unidirectional development up to the stage of initiation of the first six stamen primordia. The initiation
of the three sepal primordia and the three petal primordia is in proper order. The former is clockwise and the lat-
ter too. The sepal primordia and the petal primordia initiate first towards the side of the flower adjacent to the
lateral branch complex of the inflorescence. The transition from stamen to carpel initiation occurs at six sites al-
ternating with the first six stamens, some of them may be occupied by stamen primordia. Initiation of first carpel
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primordia alternate more or less with previous stamen primordia, but the initiation of later carpel primordia ap-

pear to be spiral. In view of specific condition occurring on the process of floral organogenesis, floral unidirec-

tional development in R. rostratum may really represent reservation of successive initiation of original spiral tac-

tics and continuation of bilateral symmetry tactics of the inflorescence. Antisepalous characteristic of the first six

stamens , has even not been paid attention to, provides the evidence that the existence of petal — stamen com-

plex primordia is impossible in Ranalisma . Basing on the difference of differentiation floral constructure, the

relationship between Ranalisma and Limnocharitaceae is still discussed.

Key words Alismataceae, Ranalisma rostratum, Floral organogenesis .

Ranalisma, a genus of Alismataceae, is a key group connected between Limnocharitaceae and Alismataceae
(Posluzny & Charlton, 1993; Charlton, 1991; Charlton & Ahmed, 1973a, 1973b). It comprises two species: R.
rostratum Stapf. , from China, Vietnam and Malaysia, and R. humile (Kuntze) Hutch. , from tropical Africa. Some mor-
phological, anatomical and embryological studies of Ranalisma have been finished (Wang, 1996* ; Charton, 1991;
Charlton & Ahmed, 1973a, 1973b). After investigating floral organogensis of R. humile using epi — illuminiation light mi-
croscopy, Charlton (1991) considered that unidirectional development with the same kind of trimery is special and typical
in Alismataceae. He suspected the existence of petal — stamen primordia ( CA primordia). The floral development of R.
rostratum has not been studied so that it becomes difficult to compare floral development of the two species and to evaluate
exactly the characteristic of floral construture in Ranalisma. The present paper reports the floral organogenesis of R.
rostratum . The research aims at making an inquiry into some key subjects and providing reliable evidence for phylogenesis
of Alismataceae. The subjects are morphological essence of floral unidirectional development, the possibility of petal - sta-
men complex primordia (CA primordia) and the relationship between Ranalisma and Limnocharitacese.

1 Materials and Methods

Plants of Ranalisma rostratum were collected in 1993 from natural population in Dongxiang, Jiangxi, China and culti-
vated in the experimental water field of Wuhan University, Hubei, China. All experimental materials are from this water
field from 1993 to 1994. Inflorescence of all stages was immediately fixed and preserved in formalin — acetic acid — alcohol
(FAA). Voucher specimens were deposited in the herbarium (WH) of Wuhan University, China. Fixed materials were
later preserved in 70% alcohol — acetone series. The dissected pieces were critical ~ point - dried with CO, in a DCP -1
apparatus, mounted on aluminum stubs using double — face glue as adhesive, coated with gold — palladium and micrograph
taken with an Hitachi S - 650 SEM at 20kV.

2 Observations

2.1 Organography of the matural inflorescence and flower

The bracts of inflorescence arrange in pairs and the inflorescence develops sympodially in R. rostratum . Iis flower,
usually solitary, is bisexual with three green herbaceous sepals and three white membranous petals. There are 6 ~ 10 sta-
mens, and numerous carpels arranging spirally on a convex receptacle. Each carpel has a single basal anatropus ovule.

* Wang J B, 1996. Conservation biological studies on Ranalisma rostratum, an endangered plant in China: Life history traits and
mechanisms of endangemment. Ph. D. Thesis. Wuhan; Wuhan Univ. (In Chinese with English abstract)
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2.2 The process of floral organogenesis

After the transition from vegetative to reproductive meristem, a first bract of the inflorescence initiates opposite to the
last foliage leaf (Plate I : 1) and then a second bract opposite to the first one. Subsequently, the inflorescence meristem
broadens and bifurcates. The bifurcation product adjacent to the first bract gives rise to a lateral branch complex bud. It
can grow and become a vegetative bud and a floral bud (Wang, 1996) ; The product adjacent to the second bract becomes
a floral meristem (Plate I : 2). The floral meristem grows and begins to differentiate. Initiation of three sepal primordia is
in proper order. The first sepal primordium initiates adjacent to the lateral branch complex bud earlier than the others
(Plate I : 3, 4). The sequence of initiation of them is clockwise (Plate I : 4, 5). Initiation of three petal primordia is
also in proper order, and the sequence of initiation of three petal primordia is same direction, i. e. clockwise (Plate T :
5). Side view of floral bud shows clearly that the petal primordia altemnate with the sepal primordia (Plate T ; 6~ 10).
The petal primodium opposite to the first sepal primodium occurs later than the other petal primordia (Plate I : 5, 8). Af-
ter initiation of the petal primordia, two stamen primordia will initiate at the comer between petal primordia and two adja-
cent sepal primordia. It is worth noticing that two stamen primordia above the petal primordium close to the first sepal pri-
mordium initiate in proper order (Plate I : 6, 7, 10). The stamen primordium near the first sepal primordium initiates
prior to the other though the two primordia locate in the position of a same “whorl” at later stage of floral development. Ini-
tiation of the two stamens adjacent to the third petal primordium is also in proper order (Plate I : 8). But following later
synchronous development they appear to be nearly simultaneous (Plate I : 9). However, initiation of the two antisepalous
stamens appears nearly simultaneous (Plate Il : 11). Initiation of the first six stamen primordia may be considered spiral
arrangement if antisepalous stamen pair is regarded as a complex unit. Charlton (1991) did not notice it in the process of
floral development in R. humile . As developmental process goes on, the first six stamen primordia tend to develop syn-
chronously (Plate II : 12). Yet it can be seen that the two stamen primordia adjacent to the first sepal primordium develop
prior to the others.

Following initiation of the first six stamen primordia, further stamen primordia occupy the relatively suitable position if
they exist (Plate [I ; 13~ 15, 17): One usually orients opposite the second petal primordium (Plate Il ; 13); Two orient
separately opposite the second and third petal primordia (Plate Il : 17); Three orient separately opposite the first, second
and third petal primordia (Plate Il : 14); Four orient separately opposite the first, second and third petal primordia and
the second sepal primordium (Plate I: 15); Five further stamen primordia  or more) are not observed in the flower of R.
rostratum . So initiation of further stamen primordia after the first six can occur in succession. The appearance of succes-
sive primordia may be too short to be noticed easily. In matural flowers of R. rostratum , there are 6 — stamen flowers and
9 — stamen flowers for the most part. Although further stamen primordia may be not in any semblance of a trimerous pattern
in a few flowers, they conform essentially to trimerous pattern as far as the whole population is concerned.

Initiation of carpel primordia becomes rather variable and there is no clear evidence that the numbers of primordia are
regular. The first carpel primordia are small in relation to the circumference of floral meristem and they seem to arise as a
rather irregular whorl altemnating more or less with the previous stamens (Plate Il ; 12 ~ 16). Further carpel primordia
arise between and above previous ones (Plate Il : 12, 13, 15, 16). Even initiation of carpel primordia that appear to
locate at the same whorl is not simultaneous. The initiation can not be regarded as a whorl initiation, on the contrary it
seems spiral initiation particularly in the later stage of carpel development (Plate Il ; 17, 18). However, In the last stage
of carpel Initiation, every three carpel seemsto be a “whorl” and each has one ovule (Plate II; 19, 20).

3 Discussion

As reported for R. humile , floral organogenesis of R. rostratum is unidirectional at the earliest stages of floral de-
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velopment. However, Charlton (1991) only noticed that this phenomenon occurs in the process of sepal and petal initia-
tion, i. e., both sepal and petal initiation occur first on the same side adjacent to the lateral branch complex of the flower
bud. So successive initiation of the first stamen primordia is not been considered. Unidirectional development can continue
until initiation of the first six stamen primordia. The two stamen primordia adjacent to the first sepal primordium occur earli-
er than the others. And the two stamen primordia adjacent to the second sepal primordium occur earlier than the two adja-
cent to the third sepal primordium. Floral unidirectional development in Ranalisma , unique type of Alismataceae, differs
distinctly from nearly — whorl alterate initiation of floral primordia in the other genus of Alismataceae, such as Alisma,
Sagittaria , Echinodorus, Caldesia (Wang & Chen, 1997; Sattler & Singh, 1978; Singh & Sattler, 1977, 1973,
1972). On the contrary, it is similar to spiral initiation in some ways. When antisepalous stamen pair is regarded as a
complex unit, initiation of the first six stamen primordia may be considered successive initiation. Analysised unidirectional
development from the angle of symmetry, symmetry of the floral bud is radial in the earlier phase of floral meristem before
the sepal primordia initiate. When the first sepal primordium occurs, symmetry translates from radial symmetry to bilateral
symmetry. Then the floral bud is to maintain a rather asymmetrical appearance because of sequential initiation of the second
and third sepal primordia. If only it is explained as continuation of bilateral symmetry tactics of the inflorescence as ex-
plained in R. humile by Charlton (1991), evidently, the kind of symmetry can not be the case. Later, symmetry can be
seen nearly bilateral as a result of synchronous development of the second and third sepal primordia. In matrual flowers, ra-
dial symmetry is general but bilateral symmetry can be seen in the non—6 (or 9) stamens’ flowers. As far as morphologi-
cal essence is concerned, floral unidirectional development may be reservation of sucessive initiation of original spiral tactics
in the process of floml development and continuation of bilateral symmetry tactics of the inflorescence.

According to floral organogenesis in R rostratum , petal primordia and first six stamen primordia initiate indepen-
dently. The existence of petal — stamen complex primordia (CA primordia) should be not only suspected as reported in R.
humile by Charlton (1991) . Antisepalous characteristic of the first six stamens , has even not been paid attention to, pro-
vides the evidence that the existence of petal — stamen complex primordia is impossible in Ranalisma . Although sometimes
there are sites where a petal primordium plus two bﬁmordia will occur, a common primordia can not be discerned as report-
ed for Sagittaria montevidensis (Ronse Decraene & Smet, 1995). Initiation of these primordia has distinct difference in
sequence of time and spatial position. Petal primordium and twe stamen primordia occupy separately two different whorls.
They occur in different sequence, even the two antipetalous stamen primordia do not occur simultaneously, it is not found
(or noticed) in the floral development of R. humile by Charlton (1991) . Developmental studies indicate that petal ~ sta-
men complex primordia are not existing in the process of floral development of R. rostratum . Sattler and Singh (1978)
considered that antipetalous stamen pairs were general characteristic of floral construture in Alismatales. Evidently, Wisner-
ia is an exception as a result of only three stamens, and Limnocharis flava is also an exception because three simultaneous
stamens replace stamen pair. Wang and Chen (1997) observed that antipetalous stamen pair is exactly not existing in the
initiation process of floral organogenesis of Cadisia parnassifolia . So this point of Sattler and Singh (1978) is not suitable.
Antipetalous stamen pairs should be not regarded as general characteristic of floral construture in Alismatales, even this
point narrowed down the scope of Alismataceae, it is in question.

Floral development of R. rostratum does not exhibit too much relationship with Limnocharitaceae than development of
inflorescence and peeudostolon. lis centripetal development of androecium differs distinctly from centrifugal development of
androecium in Limnocharitaceae (e. g. Hydrocleys, Limnocharis ) though it can be interpreted as secondary (Sattler &
Singh, 1978; Leins, 1975; Leins & Stadler, 1973). This indicates that the evolution of flower and inflorescence in the
two families is not parallel. It may be result from floral development tend toward different directions owning to long — term
natural selection in different environments.
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Explanation of Plates

Plate 1 1. The inflorescence meristem (I) has grown away from the vegetative bud (V) which is left adjacent to
the removed foliage leaf (rL.). The vegetative bud has formed a prophyll (Pr) ( x 480). 2. The inflorescence meristem
has bifurcated, leaving a lateral branch complex meristem (LBC) adjacent to the first bract (B1) and the floral meristem
(F) adjacent to the second bract (B2) ( x 575). 3. The first sepal primordium (Sel) initiates first at the site of bulge ad-
jacent to the lateral branch complex (LBC) ( x 380). 4. Showing successive initiation of the three sepal primordium (Sel,
Se2 and Se3) ( x340). 5. Showing successive initiation of the sepal and petal primordium (Sel, Se2, Se3, P1, P2 and
P3) (x350). 6. Showing initiation of the first sepal primordium (Sel) and the third sepal primordium (Se3), the first
sepal primordium prior to the third sepal primordium, the first petal primordium has been intiated ( x 400). 7. Side view
of floral bud with the first sepal primordium (Sel) and the seond sepal primordium (Se2) showing initiation of the second
petal primordium (P2) (x400). 8 ~9. Side view of the bud with the second sepal primordium (Se2) and the third sepal
primordium (Se3) and the third petal primordium (P3) showing successive initiation (in Plate I; 8) and following syn-
chronous development (in Plate I; 9) of the two stamen primordia (S, s) ( x 385; (300). 10. Side view of floral bud
with the first sepal primordium (Sel) and the second sepal primordium (Se2) and the second petal primordium showing
initiation of two stamen primordia adjacent to the second sepal primordium, the stamen primordium near the first sepal pri-
mordium occurs first. ( x 360)

Plate [[ 11. Side view of floral bud showing simulateous initiation of the two stamen primordia (S) adjacent to the
first sepal primordium (Sel) . ( x 400) 12. Showing the floal bud with 6 stamen primordia. The two stamen primordia
near the first sepal primordium (has been removed, black arrow puts out its position) are larger than the others ( x 220)
13 ~ 17. Showing appearence of 7 — 10 stamen (or stamen primordia) and their relative position, the first carpel primordia
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(c) amrange in an imregular whorl alternating with the previous stamen primordia, following carpel primordia (c') whorl al-
ternate more or less with the privous stamen primordia and the first carpel primordia (c) in Plate 1; 16 ( x450). [T ;
13, I: 17, I: 14 and [[ ; 15 Show separately the floral bud with 7, 8, 9, 10 stamen primordia ( x 300, x 165, x
350, x250). Black arrow puts out the position of the first sepal primordiam removed in Plate II; 13 and 17. 17 - 18.
Initiation of carpel primordiain (showing by white arrows in Plate [[ ; 17) in the later carpel development seem to be spiral
(x 165, x200). 1920a, b. Showing carpel primordia (¢, c') In the later stages of floral Initiation, every three carpel
seems a whorl (Plate II : 19, 20a, b) and each has one ovule (Plate I : 20b) ( x 135, x 150, x 110).
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