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Stem and root anatomical correlations with
life form diversity, ecology, and systematics in
Moringa (Moringaceae)
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Four life forms (habits) are identified in the 13 species of Moringa (bottle trees, sarcorhizal trees, slender trees,
and tuberous shrubs) which are examined for wood anatomical correlations with habit, ecology, and systematics.
Wood anatomy is similar within habit classes except for the sarcorhizal trees. The four bottle tree species and M.
arborea (one of the sarcorhizal trees) are characterized by bands of confluent paratracheal parenchyma alternating
with bands of libriform fibres, some of which may be parenchyma-like. The other sarcorhizal tree, M. ruspoliana,
is characterized by alternating bands of parenchyma-like and long, slender libriform fibres. Root secondary xylem
of all these species is characterized by bands of parenchyma and fibres. Slender trees do not show bands of fibres
of different shapes and have fibrous roots with less parenchyma than the other species. Tuberous shrubs have
stems mostly composed of long, slender fibres and large underground tubers mostly composed of parenchyma.
Quantitative trends between ecologically different localities include wider vessel elements and higher conductive
area in moister localities. Wood anatomy provides characters that are of potential phylogenetic utility at a variety
of levels of relationship. Based on wood anatomy and geography, the most likely sister taxon to Moringa is
Cylicomorpha (Caricaceae). © 2001 The Linnean Society of London

ADDITIONAL KEYWORDS: Capparales — Caricaceae — dry tropics — glucosinolate families — mustard-oil plants —
systematic wood anatomy.

INTRODUCTION world’s highest diversity of plant life forms (Medina,
1995). However, most research has been directed at
wet forests and timber trees, and little is known about
the anatomical correlates of the great diversity seen
at the morphological level in dry tropical plants.

Moringa, the sole genus of Moringaceae, is for its
size one of the most phenotypically varied groups of
angiosperms. With just 13 species throughout the dry
tropics of the Old World, Moringa spans a vast range The present study examines variation in stem and
of life form (habit?, from massive ‘bottle trees’ in Ma- root anatomy associated with habit in all 13 species of
dagascar and Africa, to slender trees in Arabia and  pforingq totest the assumption that habital differences
India, to shrublets with ephemeral shoots and un-  gye ggsociated with anatomical differences. An attempt

derg'.r oupd. tubers in .nort.heast Afr:ica (habit of eac}a is made to differentiate between anatomical differences
species is illustrated in Figures 1, 5,9, 13, 17, 21, 25,  jq0ciated with habit and intraspecific variation re-

29, 33, 3'_7’ _41’ 45, and 49). Diversity of fO@ is a sulting from plastic responses to differing en-
char.acter istic shared_by many plant groups in dry  yirgnmental conditions both between populations and
tropical habitats, which are thought to support the  ithin individuals across seasons. Descriptions of the
anatomy of individual Moringa species are available
in Olson (in press).
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the Caricaceae is strongly supported by molecular
phylogenetic studies (Gadek et al.,, 1992; Chase et
al., 1993; Rodman et al, 1996). This view contrasts
with previous systematizations (e.g. Dahlgren, 1975;
Cronquist, 1981), none of which explicitly recognized
a close relationship between the Moringaceae and
Caricaceae. Thus it is of interest to examine the
anatomy of the Moringaceae, as has been done for
Caricaceae by Carlquist (1998), in light of this recent
phylogenetic hypothesis. In addition to characters of
potential interest at an interfamilial level, we evalu-
ate our data for wood anatomical characters that
provide potential phylogenetic information at an
interspecific level.

Because of the remoteness of many Moringa loc-
alities, most previous studies of wood anatomy in
Moringa (e.g. Metcalfe and Chalk, 1950; Ciuffi Cellai,
1971; Fahn, Werker & Baas, 1986) have focused on
M. oleifera and M. peregrina, both readily available
slender trees. With just one study examining a bottle
tree species (Carlquist, 1998), the diversity of wood
anatomical strategies in Moringa has been under-
represented. Because trees with large quantities of
water storage tissue are less familiar anatomically
than more woody trees, special attention has been
given to the marked diversity of water storage strat-
egies observed in Moringa. Highlighted in particular
isthe polymorphism of libriform fibres, because these
cells serve a variety of purposes from mechanical sup-
port to water and nutrient storage.

MATERIAL AND METHODS

Most samples were collected from living plants and
preserved in locally available alcohol, usually 50—70%
aqueous ethanol. Samples were transferred to 70%
aqueous ethanol upon arrival at the Missouri Botanical
Garden. Wood of M. pygmaea was obtained from herb-
arium specimens, boiled, and stored in ethanol.
Voucher and locality information for samples is pro-
vided in Appendix 1. Recently fallen individuals of the
largest species were found at most localities, so it was
possible to collect samples of the main trunks of these
trees without seriously damaging standing trees.

At least three individuals of each species were ex-
amined for determining the overall structural plan of
the stem, and quantitative measurements were drawn
from at least two individuals per species. The two
exceptions are M. pygmaea, of which only two speci-
mens were available, and M. oleifera, which is already
well-documented (e.g. Durin, 1913; Metcalfe & Chalk,
1950). Sampling is summarized in Appendices 1 and
2. Strong differences between mature wood and wood
of juvenile plants is observed in the stem and roots of
many species of Moringa. Data in the present account
are from the mature wood of large plants, that is, wood

away from the pith and at least a few mm from the
cambium whenever possible.

The combination of very soft and very tough cells
distributed throughout the stems and roots of Moringa
made sectioning on a sliding microtome unsatisfactory.
As a result, small stem or root chips were softened
in 10% ethylenediamine for 13 days before being
dehydrated and embedded in paraffin (method of
Carlquist, 1982). Samples were sectioned on a rotary
microtome at 13 am and stained in a staining series
corresponding to Northen's modification of Foster's
ferric chloride-tannic acid staining series (Johansen.
1940), with the exception that ferric aluminum sulph-
ate was substituted for ferric chloride. For scanning
electron microscope (SEM) observation, paraffin sec-
tions were mounted on stubs using the same gelatin
adhesive used for mounting the sections on glass slides.
The paraffin was cleared with xylene and the samples
sputter-coated and observed with a Bausch and Lomb
Nanolab 200 SEM. Macerations were prepared using
Jeffreys solution (Johansen, 1940) and stained in saf-
ranin.

Vessel diameters are measurements of the lumen,
because it is this space that is available for water
conduction and therefore of greatest functional in-
terest. In many cases, the vessels were oval in cross
section, so either a chord was estimated that would
reflect the area of the vessel, or the public domain
program NIH Image (US National Institutes of Health;
obtained at httpy/rsb.info.nih.gov/nih-image/) was
used to calculate the vessel area from photo-
micrographs and then calculate a diameter for the
vessel. In many cases both methods of measuring were
used, with similar results. In either case, these figures
represent idealized diameters that are used to infer
the evolutionary responses of Moringa species to then-
habitats rather than purely descriptive devices.

To test for significant differences in quantitative
measurements between habits, means of meas-
urements from mature wood for each species were
pooled to give a species mean for each characteristic
measured. One-way ANOVAs were then used on each
variable, followed by Tukey's HSD simultaneous pair-
wise mean comparisons (using SYSTAT for the Mac-
intosh, v. 5.2) as a post-hoc test.

ABBREVIATIONS USED IN FIGURES

AP axial parenchyma
B bottom of Figure

C centre of Figure

L left-hand part of Figure

LF libriform fibre

P parenchyma

PP paratracheal axial parenchyma
R right-hand part of Figure



