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FURTHER CONTRIBUTIONS TO THE MORPHOLOGY
OF THE DEGENERIACEAE

B. G. L. Swamy
With four plates and thirteen text-figures

DURING HIS COLLECTING TRIP in the Fiji Islands in 1947,1 Dr. A. C.
Smith was able to pickle valuable material of Degeneria vitiensis 1. W.
Bailey & A. C. Sm. This material includes not only leaves, nodes, shoot
apices, seedlings, etc., but also flowers and fruits in almost all stages of
development. Although most of the material was fixed in formalin-acetic-
alcohol, limitation of resources in one case forced Dr. Smith to substitute
“gin” when he secured important developmental stages of the gameto-
phytes. However, the gin-fixed material has fortunately rendered itself
suitable for interpretation, although the slides may not satisfy all the
requirements of technical perfection. The material on hand has ‘made
possible not only a verification of the original findings of Bailey and
Smith (1), but also new observations on the gametophytic and post-fer-
tilization development, vascularization of the flower, seedling structure,
etc. I sincerely thank Dr. Smith for placing the material at my disposal
and thereby providing me with the opportunity of studying it. I cannot
adequately express my gratitude and appreciation to Prof. I. W. Bailey
for his unfailing encouragement and illuminating suggestions during this
study and also for his assistance in the preparation of photomicrographs.

SECONDARY XYLEM

There 1s not much to be added to the anatomical characteristics of the
secondary xylem, which have already been described by Bailey and
Smith (1). However, the following points as revealed by the peripheral
regions of a large stem measuring about 60 cm. in diameter ( +#5880),2
may be noted. In the inner regions of the secondary xylem, the multi-
seriate rays are predominantly 3-4-seriate, fairly high, usually with one
to three upright cells at either end as seen in tangential sections: the
uniseriate rays are infrequent, shorter than the multiseriates and com-
posed of upright cells. In the outermost region of this old specimen, the
multiseriate rays become predominantly 4-35-seriate, shorter and without
any upright cells at the margins. Uniseriate rays are eliminated. The
narrow bands of apotracheal parenchyma are distributed throughout the
secondary xylem. This situation is in contrast to the secondary xylem of
the magnoliaceous genera of the north temperate climate, where the
parenchyma 1is confined to the outer face of the growth rings.

I See the preceding article in this journal.

= In the few instances where it has seemed advisable to refer to a specliic collection,
the number indicates Dr. Smith’s field-number. For locality, etc., see the preceding
paper 1n this journal.
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SEEDLING

Four seedlings of Degeneria were available for examination and all of
them possess three cotyledons. The whorl of thin, palmately veined coty-
ledons is preceded by a long hypocotyl, 6-10 cm. The first leaf is char-
acteristically emarginate, pinnately veined, and more nearly elliptic in

1 .

Fics. 1-2. Fig. 1. Diagram showing the vascular pattern of the cotyledonary node
of Degeneria. Fig. 1a. Diagram to show the pattern of vascularization in the coty-
ledon, X 5. Fig. 2. Diagram showing the vascular pattern of the cotyledonary node

In Magnolia grandifiora.



12 JOURNAL OF THE ARNOLD ARBORETUM [VOL. XXX

outline. The subsequent leaves soon assume the elliptic to obovate-
elliptic norm of the genus.

Two median vascular traces originating from a single gap in the stele
enter each cotyledon. These strands remain distinct in the petiole,
Figs. 1, 1la, but unite in the basal part of the lamina into a single strand
which then forms the median vein of the cotyledon. The phloem of the
strand maintains its doubleness till about half the distance in the coty-
ledon and then unites: The marginal traces of the cotyledons arise from
separate gaps in the stele, Fig. 1, and bifurcate in the basal part of the
lamina, Fig. la; the bifurcated strands diverge in the blade in a palmate
fashion. The branches of these lateral strands vascularize most of the
lower half of the blade. The remainder of the cotyledon is vascularized
by the branch system of the median strand, Fig. 1a.

The seedlings of the Magnoliaceae (Magnolia, Michelia, Liriodendron)
are provided with two cotyledons in the great majority of cases, Fig. 2.
The median pair of strands originates in the same manner as in Degeneria,
but the four lateral strands of the two cotyledons are derived by the bi-
furcation of two traces which arise from two gaps in the stele. Even in
those abnormal instances of tricotyledonous seedlings which are now and
then encountered in Magnolia stellata, the lateral traces of the adjacently
placed cotyledons arise in the same way. This pattern seems to be
stabilized fairly well in the family, although Magnolia Soulangeana (7)
appears to possess a nodal anatomy similar to Degeneria.

ANATOMY OF THE NODE AND PETIOLE

The first few leaves of the seedling receive three traces from a corre-
sponding number of gaps in the stele, Fig. 3A, and thus the nodes on
which these leaves are borne are trilacunar. In serially arranged trans-
verse sections of the petiole, the three traces exhibit the following changes
In their courses outward into the leaf. The median trace trifurcates,
forming a large central strand and two smaller lateral ones. The lateral
strands, from a purely descriptive point of view, appear to shift adaxially
toward the upper part of the petiole and split into four small bundles
having an inverted orientation of xylem and phloem, Fig. 3B. The lateral
traces (compare Figs. 3A and 3B) bifurcate, and the more adaxially situ-
ated products of this division subsequently divide, forming a total of six
strands, three on each side of the derivatives of the median trace. Higher
in the petiole, the large abaxial segment of the median trace and the
branches of the lateral traces converge in the form of a large arc of seven
strands, Fzg. 3C. This arc is closed by the four smaller derivative strands
of the median trace, thus giving rise to an adaxially flattened eustele.

In contrast to the seedling nodes, those on the mature stem are penta-
lacunar, Fig. 4A, as reported by Bailey and Smith (1), although very
large leaves of vigorously growing saplings may receive more than five
bundles from the corresponding nodes. With increase in the number of
traces the vascularization pattern of the petiole becomes more complex.
The median trace trifurcates at the base of the petiole, Fig. 4B, the lateral
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segments of which break up into a varying number of eight to twelve
strands. These smaller strands aggregate in the upper part of the petiole,
the individual strands orienting to form a loose “‘inner eustele,” Fig. 4C.
The second pair of laterals also divide. At a higher level, two to four
strands from the “inner eustele” swing back into an abaxial position on
either side of the median trace, as indicated by broken arrows in Fig. 4C.
The paired adaxial segments of the first pair of laterals join the corre-

Fics. 3, 4. Fig. 3. Series of diagrams illustrating the behavior of the vascular
traces at the node and in the petiole of a seedling leaf. A represents the nodal level;
B and C, basal and upper levels of the petiole. Fig. 4. Same; in the adult leaf. A
represents the nodal level; B, C, and D, successively higher levels in the petiole.
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sponding ends of the now more or less opened “inner eustele’” in the form
of a strap, which occupies the flattened upper side of the petiole. The
remainder of the traces unite into a large horse-shoe-shaped arc, the ends
of which approximate the lateral extremities of the strap-shaped segment,
thus forming an adaxially flattened eustele, Fzg. 41). In spite of these
complications, the fundamental pattern — trifurcation of the median trace
and the organization of the adaxial strap-shaped segment largely by the
lateral segments of the median trace — is the same in both the seedling
and the adult leaves. In the latter, the number of bundles i1nvolved 1s
decidedly larger and a few of the strands of the median system swing
back into an abaxial position, which situation has no counterpart in the
trilacunar seedling leaves.

ORGANOGENY

The first structures to develop on the thalamus are the calyx members.
The differentiation of the petals takes place in quick succession, the
outermost members originating first, Fzg. 82. There seems to be a time
lag before the initiation of the androecium, during which period the corolla
completely envelops the broad, mound-shaped floral apex, Fig. 83. The
ontogenetic differentiation of the staminal whorls 1s also in a centripetal
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Figs. 5-9. Stages in the development of the carpel.

succession. Some of the last-formed members of the androecium later
transform themselves into staminodes. After the initiation of the androe-
cium, Fig. 84, the floral apex is rendered narrower and somewhat blunt.
This apex is used up in the organization of the solitary carpel, Fig.
85. Thus the order of development of calyx, corolla, androecium and
egynoecium, as well as of the individual whorls of corolla and androecium,
1S in centripetal succession.
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As a result of the confinement of meristematic activity to the rim of
the carpel primordium, an embossed periphery is created. At this stage,
the primordium appears as a shallow cup, having an outline similar to
that of a horse-shoe, the free ends of which are fused, Fig. 5. A few cells
on this ventral side fail to divide but the surrounding cells continue divi-
sions; as a result, a notch appears in the wall of the cup, Fig. 6. Further-
more, the cells of the rim on the dorsal side maintain a faster rate of
division and the tissue on this side grows rapidly in height. This results
in a conduplicate structure enclosing a cavity between the folds. The
structure 1tself 1s abaxially deformed, Fig. 7. The free edges grow out
externally in the form of flanges, whose margins flare apart, Figs. 8, 9. A
transverse section of the carpel at this stage is represented in Fig. 89.
The internal surfaces of the flanges later become stigmatic, as will be
described on a subsequent page.

VASCULARIZATION OF THE FLOWER

An ontogenetic outlook in studies dealing with the vascular anatomy
of flowers is an essential factor for an understanding of the real significance
of the phenomena involved. The procambial system laid down during
the early development is subject to a high degree of modification as the
flower attains maturity. The modifications involve either an elaboration
of the system which brings greater complexities into the adult vascular
structure, or a reduction whereby the mature vasculature becomes very
much simplified. In order to emphasize the degree and nature of the
complications that attend the procambial pattern of the Degencria flower,
the topic will be considered at present under two heads — the procambial
pattern and the vascular pattern at anthesis. 'The adaptation of this
method should not be interpreted as implying that all the organs of the
flower have their vasculature represented only by the procambial strands
at any one single step and that the strands become differentiated into
xylem and phloem at another single step. In fact, hand in hand with the
extension of the procambial strands into the newly formed structures on
the floral axis, the older portions of the same strands become transformed
into xylem and phloem. This being the case, it would be misleading to
look at the phenomenon as involving two definite steps. The distinction
made at present is only for the sake of description.

Procambial pattern:

Figure 10 represents what may be called the “procambial diagram” of
a sector of the flower. This diagram is synthesized after following the
course of differentiation and extension of the procambium into the respec-
tive structures of the flower as they are being formed on the thalamus:
the secondary modifications of these strands have been deliberately omitted
In this figure, but have been incorporated in the diagram representing the
vascular pattern at anthesis, Fig. 11.

In general, the method of supply of the procambial strands to the sepals
and petals is very similar. Each member receives a median and two mar-
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Fics. 10, 11. Fig. 10. Procambial diagram of a sector of a flower, depicted as seen

from the side with one of the calyx lobes facing the reader. s— vascular traces supply-
ing the sepal members; ¢— of petal members; a —of androecial members; g — of
cynoecium. Fig. 11. Vascular diagram of the same sector at anthesis. Lettering as

in Fig. 10.





































































