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Abstract — In tropical swamps of Ghana, Aeschynomene elaphroxylon (GuiLL. et PERR.) TAUB.
develops a peculiar root system possessing prominent dimorphism of end-roots. The distal roots
are differentiated into macrorhizae and brachyrhizae, a feature commonly called heterorhizis.
Contrary to the majority of temperate and tropical trees, the heterorhizis of Aeschynomene
elaphroxylon is very well defined both morphologically and anatomically. The numerous brachy-
rhizae develop as adventitious laterals in dense longitudinal rows connected with bigger medullar
rays of larger skeleton roots developed from macrorhizae. All brachyrhizae are uniform in size
and shape, lacking secondary growth and further branching. They develop a marked exodermis
with suberized inner tangential cell walls. The thick coat of brachyrhizae covers the loose system
of skeleton roots, and both types together represent a unique type of “intensive root system’
sensu BUsceN. This root-form seems to be well adapted to the free movement of nutrients in
water and water-logged bottom of lakes. A new type of bacteroidal nodules has been observed
on the aboveground parts of the stem,

Introduction

The ambatch tree, Aeschynomene elaphroxylon (GuiLL. et PERR.) TAUB., is a small leguminous
tree (family Papilionaceae) widespread in freshwater swamps in Africa and Madagascar. Its
exceedingly light wood attracted attention of African peoples who made rafts and net- floats of
pieces of its stem. Moreover, many other sophisticated products, e.g., sandals, shields against
the sun’s rays were manufactured of this wood (see IRVINE 1961). Since the first description
of this species by GuiLLEMIN and PERROTTET in 1830, several attempts have been made to investi-
gate various aspects of the anatomy of this tree. Leaving aside the smaller papers, the works by
JAENscH (1884), KLEBAHN (1891), SoLEREDER (1908), and BrEwrr (1927) deserve attention.
In the course of our expeditions to the Lower Volta region, Ghana, various ecological and morpho-
logical features of the ambatch tres were investigated. Compared with other freshwater swamp
trees, this species is remarkably adapted towards the water-logged sites and fluctuating water
level in rivers and lakes. During a detailed study on the natural stands a well differentiated root
dimorphism was discovered and later confirmed by anatomical examination. A brief description
of the more interesting structures observed in this tropical tree is given in the following chapters.

Root morphology

Numerous specimen trees were investigated on the margin of the Eka Lagoon, Ke Lagoon
and Avu Lagoon (approx. 6°N lat., 0°40 E long.), near the Volta Estuary, Southern Ghana. The
ambatch tree is a dominant plant in swampy thickets covering wide stretches of waterlogged
banks and shallow waters of the above-mentioned lakes (see Plate XV, Photo 1). Some of these
thickets form a sort of floating mats (floating islands) adapting themselves to the seasonal changes
of the fluctuating water level. Aeschynomene elaphroxylon is accompanied by Ficus congensis,
Alchornea cordifolia, which are the other frequent woody species surviving in these swamps.

220



Among the grasses and herbs associated with the ambatch tree following species were encountered:
Leersia hexandra, Oriza barthii, Cyclosorus striatus, Commelina gerardi, Polygonum tomentosum,
Ipomoea aquatica, Pentodon pentandrus and Zehneria capilacea.

Mature ambatch trees achieve a height of about ten metres, reaching a stem
diameter of up to 50 cm at breast height. Inspecting an older stem the observer
is struck by the conspicuous coat of rust-brown “hairs’ covering the base of
the bole and adjoining root spurs (see Plate XV, Photo 2). Closer inspection
discovers that these “hairs’” are unbranched roots of equal thickness (approx.
0,5 mm) and of similar length (approx. 5 to 10 cm). Further observation and
excavation showed that similar uniform roots occur also in water and in the
waterlogged soil. On the other hand some of the distal roots were thouroughly
different because of their conspicous thickness (3—5 mm) and unlimited
growth in length. Thus the distal roots of the ambatch tree could be distin-
guished in two kinds (see also Fig. 1; Plate X VI, Photo 3): bigger macrorhizae
developing gradually into main skeleton roots and smaller brachyrhizae per-
sisting in a stage of uniform restricted size. (The terminology of roots follows
the suggestion of JENIK and SEN 1964.)

The number of macrorhizae within the entire root system of a specimen
tree is relatively small. This kind of end-roots develops both as primary tap
root of the seedling and as the main lateral branches of the root. They also
occur as bigger adventitious roots on the submersed stems and branches.
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Fig. 1. Adventitious root system developed on the floating stems of Aeschynomene elaphroxylon;
a — macrorhizae, b — skeleton roots developed from macrorhizae, ¢ — brachyrhizae, d — stems.
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The growth in Iength and the secondary growth of the macrorhizae is very
vigorous, and results in a considerable thickness of the skeleton roots, achie-
ved not far from the apex. The skeleton roots derived from these macrorhizae
are conical in shape and light brown in colour. While growing in the loose
organic mat and in the open water, the activity of the apical meristems of
macrorhizae is not disturbed by any adverse mechanical factor; this results
in straight, uncurved growth in these roots. Yet at the bottom of the lake,
in contact with the waterlogged soil, the apex is frequently damaged and,
subsequently, irregular bunches of regenerating roots may appear (Fig. 1).
No genuine root hairs were observed above the elongation zone of the macro-
rhizae.

Except for the apical zone, the macrorhizae bear plenty of laterals which
only exceptionally originate endogenously; the majority of them arise adven-
titiously under the well developed periderm of the bigger root which is pro-
gressively thickening through cambial activity. However, even on the older
skeleton roots the laterals are regularly arranged in longitudinal rows affected
by the position of bigger medullar rays (see below). All these laterals can be
classified as brachyrhizae: they show a constant thickness over their entire
length and never branch; they keep a uniform diameter over the entire spe-
cimen tree regardless their position in water, underground or aboveground.

No doubt, the above-mentioned root dimorphism of 4eschynomene elaphro-
aylon represents a remarkable example of the heterorhizis. Unlike any other
tree described in the literature hitherto, the ambatch tree shows a distinct
gap between both different kinds of end-roots which are clearly differentiated
without any transition forms.

Old trees frequently curve down, their stems and branches touching the soil or water surface,
sometimes floating as components of the vegetation mat covering shallow waters. Numerous
adventitious roots develop on these prostrate stems and submerged parts. Among these
adventitious roots only few are differentiated as macrorhizae forming future skeleton roots;
however, the majority of them are the brachyrhizae.

During our study of the roots of Aeschynomene elaphroxylon, we tried to
discover true rhizobial nodules commonly attached to the roots of leguminous
plants. On the localities studied in Ghana no genuine nodules could be ob-
served in our species. Yet our attention was attracted by numerous hemi-
spherical protuberances situated on the bark of the stems and over the root
spurs close to the water surface. Subsequent anatomical inspection proved
the occurrence of active bacteroidal tissue different from the usual rhizobial
nodules (Plate X VI, Photo 4). A preliminary examination by O. N. ALLEN
and E. K. ALLEN (personal communication) showed that the tissue is entirely
filled with Gram positive pleomorphic rods of different size, structure and
staining properties than are the symbiotic rhizobia.

Root anatomy

Though various aspects of stem anatomy were studied in older works, no
adequate investigation has been carried out into the root structure. Thus,
paraffin sections stained with safranine and aniline blue, and freezing micro-
tome sections were used for the completion of our study. Cell wall was exa-
mined by usual histochemical reactions.

The primary structure of the macrorhizae as seen on the transverse section
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upto 1= protoxylem groups can be counted not rar from the apical meristems.
Pericycle and cortex parenchyma are relatively thick, though without any
noteworthy features. None of the sections showed endophytic fungi in the
cortex.

The cambial and felogen activity begin very soon, only approx. 5 cm
behind the apex the periderm is fully dow‘lopod and the cortex starts dis-
integrating. The structure of the secondary xylem has similar features as
described in the stem of Aeschynomene elaphroxylon. The substantial volume
of the wood is formed by regular layers of palisade-like tracheids, with cell
walls unlignified. Isolated vessels are scattered in this tracheidal mass, accom-
panied by tangentially arranged groups of libriform. Two kinds of medullar
rays occur in the secondary xylem: (1) uniseriate parenchymatous rays,
and (2) bigger multiseriate rays containing radial vessels.

lignified
. tissues
KXXX] suberized

Fig. 2. Transversal sections of a macrorhiza (A) and brachyrhiza (B) in 5 mm distance from the
apex to compare different sizes and different number of protoxylem groups, and the formation of
suberized exodermis in the brachyrhiza.

The structure of the brachyrhizae (see Fig. 2B) differs profoundly and the
diarch vascular bundle is very restricted in size. The thin cortex is limited
to three parenchymatous layers. Under the thin-walled rhizodermis, the one-
layered exodermis is clearly developed (see Plate XVI, Photo 5), having
a thickened inner tangential cell wall containing suberin lamellae which do
not dissolve in 509%, chromic acid. Root hairs do not develop on the brachy-
rhizae. Also, no epiphytic as well endophytic fungus was observed in connec-
tion with these roots. The most characteristic feature of the brachyrhizae is
the absence of the secondary growth; no cambial activity, no periderm forma-
tion could be spotted.

With regard to the morphogenesis the most interesting point is the origin
of lateral roots and the way branching of the entire root system. In our
material, normal endogenous branching initiating deeply in the pericycle
close to the apical meristem occurred only exceptionally. The bulk of the
laterals develops as adventitious roots initiated near the medullar rays of the
mother roots derived from the macrorhizae. As seen on the sections, all
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laterals (brachyrhizae) are connected through one of the bigger medullar
rays with one of the isolated vessels scattered in the secondary xylem.

Limited size, strictly cylindrical shape and absence of secondary growth
of the brachyrhizae in Aeschynomene elaphroxylon seem to corespond with the
anatomical structure of the secondary xylem. Obviously, the connection of
the root with a single vessel running through a single medullar ray and
attached to a single longitudinal vessel, does not permit any subsequent
anastomosis with other vessels of the secondary wood and prevents the suc-
cessive growth of the lateral root. The restricted size and lack of branching
in brachyrhizae is compensated by their abundance, long lasting persistence
and by their new formation in the area of lenticels on roots and stems in any
stage of the morphogenesis.

Discussion

The prominent root dimorphism of the ambatch tree, manifested in the
clear cut differentiation of two kinds of distal roots is a very interesting
phenomenon among root-forms of woody plants. Undoubtedly, a character-
istic case of heterorhizis is encountered in this species. As discussed in an
earlier paper (KuBikovA 1967), the phenomenon of heterorhizis in trees is
not yet properly understood and generally accepted. Owing to the common
transitions observed between the bigger and smaller end-roots, many authors
prefer to view the dimorphism better as a matter of a size gradient. Indeed,
such a gradient in size of the distal end-roots is a prevailing feature not only
in the temperate zone, but also in the tropical trees. In Aeschynomene
elaphroxylon we find a unique case among the trees. The bigger end-roots are
qualitatively different from the mass of the smaller laterals. Their difference
is obvious from their anatomy and growth capacity.

Though the ambatch tree was subject to many botanical investigations, no data were published
about this particular feature. SCHWEINFURTH (Sec. KLEBAHN 1891, p. 133) observed “‘filzartiges
Geflecht” of roots of Aeschynomene elaphroxylon in swamps along the Nile; we can only assume
that Schweinfurth observed the thick coat of brachyrhizae.

The paper by KLEBAHN (op. c.) discusses in detail the origin of adventitious roots in the above-
ground branches. According to his work, the root primordia are formed in connection with the
bigger medullar rays and are always present in the bark in a latent stage. According to our
observations, the connection of brachyrhizae with the mother root occurs similarly, however, we

cannot say anything certain about the permanent presence of undeveloped root primordia in
the bark of bigger skeleton roots.

Another interesting point is the life-span of brachyrhizae. In most of the
temperate trees brachyrhizae occur only ephemerally, e.i. persit just se-
veral months or a couple of years. Usually, an estimate of the duration of
these organs is very inaccurate. As for Aeschynomene elaphroxylon the actual
life-span of the brachyrhizae can be estimated according to the length of
the transverse vessel linking the lateral root with the longitudinal vessel in
the mother root. The older brachyrhiza is connected with one of the inner
vessels, the younger one is linked with one of the peripheral vessels. Accor-
ingly, we can assume the age of the laterals which persist over a period
of many years. Such a durability in a structure built up mainly of primary
tissues can be explained only in terms of the efficient protection by a well
differentiated exodermis.
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A contraversial point in our observations is the presence and structure of the root nodules.
KueBann (1891, p. 135) described numerous spherical and ovoid nodules developed on the root-
lets excavated from the mud of the Nile. No proper nodules were recorded in our specimen trees
inspected in Ghana. However, peculiar hemispherical protuberances with bacteroidal tissues were
found on the above ground parts of thicker stems and root spurs.

From the ecological point of view we can classify the root system of
Aeschynomene elaphroxylon as an intensive root system (sensu BUSGEN)
which is characterised by its restricted volume of space occupied in the
substratum. This kind of root system seems to be an adequate adaptation to
the free movement of nutrients dissolved in water and water-logged sites
where Aeschynomene elaphroxylon usually occurs. Finally the question of
gaseous exchange within the submersed root system of the ambatch tree
should be examined. The majority of swamp trees in the tropical Africa
develop a sort of breathing roots (pneumatophores, knee roots, root kness,
stilt roots); in the ambatch tree this adaptation seems to be resolved by an
easy formation of adventitious roots richely developing at the lower part
of the bole above the water level.
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Souhrn

Ve sladkovodnich bazinach Ghany vytvaii Aeschynomene elaphroxylon (GuiLL. et PERR.) TAUB.
vyznaény typ kofenového systému s vyhranénym dimorfismem koncovych kofent. Tyto kofeny
jsou jasné rozlifeny v makrorhizy a brachyrhizy a predstavuji tedy typicky piipad tzv. hetero-
rhizie. Podobné jako v mirné zoné, i v tropickych oblastech projevuji stromy heterorhizii spise
jako kvantitativné odstupriovany gradient bez vyrazného hidtu mezi obéma meznimi formami.
U Aeschynomene elaphroxylon jsou viak oba typy koncovych koient zietelnd morfologicky
i anatomicky diferencované. Brachyrhizy postradaji druhotny rist a nikdy se nevétvi; maji zcela
jednotny cylindricky tvar, zb&zné pfipominajici spise velké trichomy ; jejich cévni svazek je diarch-
ni, primarni kiira slabé a vZdy opatiena vyraznou exodermis. Makrorhizy jsou v rdmei celého systé-
mu jen ojedinélé, maji vidy energicky druhotny rast a nesou po celé délce postranni vétve -— bra-
chyrhizy. Vétdina brachyrhiz vzniké adventivné v druhotnych pletivech pokrotile ztloustlych
kotenti. Po strance anatomické i morfogenetické jo vyznamné skutecnost, %e postranni kofeny se
napojuji na mateisky kofen jen v mistech vétsich drenovych paprska obsahujicich radidlni cévu,
ktera koiren spojuje s nékterou z isolované zastoupenych cév sekundarniho xylému. Anatomické
stavba dfeva 4eschynomene elaphroxylon isystém napojeni postrannich kofent nedovoluje zvétso-
véni brachyrhiz a je asi pfi¢inou vyhranéného typu heterorhizie u této dieviny. S hlediska ekolo-
gického lze kofenovy systém této dieviny charakterizovat jako ,,intensivni‘ (ve smyslu BUscE-
NOVi), protoZe soubor brachyrhiz s omezenym ristem muze prokofenovat jen velmi omezeny objem
pudniho resp. vodniho prostoru. Tato ,,redukce‘ je nejspiSe v souvislosti s relativné volnym pohy-
bem #ivin ve vods a v trvale zamokienych biotopech, kde se vidy rozméry kofena zmensuji, jak je
znémo ze studia bylinnych vodnich rostlin. U studovaného druhu A4eschynomene elaphroxylon byly
na lokalitach v Ghané vytvoreny na basi bakterioidni hlizky, jejichZ pletiva jsou naplnéna gram-
positivnimi pleomorfnimi tyéinkami, lidicimi se rozméry, strukturou i barvenim od symbiotickych
thizobii.
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See also plates XV. — XVI. in the appendix

G. H. M. Lawrence, A. F. G.Buchheim, G. 8. Daniels et H. Dolezal [ed.]:

B—P—H. Botanico - Periodicum - Huntianum

Hunt Botanical Library, Pittsburgh (Pa., USA) 1968, 1063 str., cena véz. 30,— $. (Kniha je
v knihovné CSBS.)

Tato obsahla kniha je bibliografii botanickych periodik z celého svéta. Vznikla rozgifenim
soupisu periodik k pFipravované retrospektivni kniZni i ¢lankové bibliografii botanické literatury
za léta 1730 1840, zvlasts pro botanickou nomenklaturu. Pééi kolektivu knihovny ,,The Rachel
MecMasters Miller Hunt Botanical Library‘ za drobné spoluprice a revize jinych botanikit
v specialnich pripadech bylo sestaveno dilo, které nema dosud v botanické literatutre obdoby. —
Bibliografie zachycuje pfes 12 000 titulii botanickych periodik a jejich zkratek a dalsich 12 000 od-
kazovych synonymickych zkratek pouZivanych v jinych bibliografickych dilech. Normalnim
zpusobem tisku je tisténa uvodni stat s vysvétlivkami a s bibliografii (str. 1-—23) a pridavky
(str. 10051063, obsahujici slovni¢ek kraceni jednotlivych slov, ekvivalenti zemépisnych jmen
a pirehled statné-politickych zmén pro zjisténi statu, v némz byla periodika vydévana); vlastni
bibliografie (tj. strany 25 -1004) jo tisténa fotoofsetem. Do bibliografio botanickych periodik
byla zahrnuta i periodika celopiirodovédecka s botanickymi ¢lanky a rovnéz i ta periodika
lékaiska, zemédslska a lesnickd, kterd obsahuji puvodni botanické ¢lanky pfi nejsirsim pojeti
botaniky (véetné bakteriologie, mykologie, farmaceutické bhotaniky atd.); periodika vyslovend
technického nebo popularniho réazu sem pojata nebyla.

V seznamu je na prvém misté uvedena zkratka periodika, pak plny nézev periodika (véetnd
nazvu fady, podtitulu, ptip. soubézného titulu v jiném jazyku) podle titulnibo listu 1. roéniku
nebo ¢isla a dale jemu odpovidajici misto vydani. Potom nasleduji iidaje o ro¢nicich, ptip. ¢islech
nebo svazcich a roky vydani. Bibliografické poznamky jsou pripojeny v hranatych zavorkich
vzdy za tim udajem, k nemu? se vztahuji. V pripadé zmén nazvu (naslednyeh i piedchozich), pii
rozdélovani nebo spojovani ¢asopiseckych fad apod. jsou odkazy rovnéz v hranatych zavorkach
vzdy na poslednim misté. Pfipojenym ¢islem jo proveden odkaz na piislusny svazek, stranu a slou-
pec 3. vydani bibliografického dila ,, The Union list of scrials®® z roku 1965 nebo misto ného tdaj
. Not is ULS*. Zkratky periodik vytvorila vydavatelskd komise nové na zakladé amerického
standardu pro kraceni periodik a zakladni bibliografické literatury tak, aby nemohlo dojit k za-
méndm. Pijaté zkratky jsou pomérné dlouhé, napf. na rozdil od zkratek pouzZivanych v nasi
botanické literatuie nebo v Lomského Soupisu cizozemskych periodik opirajici se o mezindrodni
kod zkratek. Dalsi rozdil nové vytvorenych zkratek periodik v BPH proti naSemu zpiisobu jo
psani i adjektiv zac¢adtecnimi velkymi pismeny. Doporucuji, aby se v nasi literatufe zatim vyckalo,
zda se tonto zptsob viije, a jak bude provedeno kraceni periodik v pripravovaném novém soupisu
zahraniénich periodik v és. knihovnéch; je zpracovavan Universitni knihovnou v Praze a bude jisté
témét ve viech védeckych knihovndch k dispozici a zkratky periodik tam uvedené budou pouii-
vany. Cs. bibliograficks literatura je v seznamu pouzité literatury Cestnd zastoupena 4 zédznamy.
Totéz se tyka vlastniho soupisu, ktery registruje i ¢s. lokalni periodika s botanickymi ¢lanky.

Tato zdarila, latku vycerpavajici bibliografie by méla byt zakladni priruckou nasich botanic-
kych i univerzalnich knihoven, ponévadz miize vyborné slouZit pti identifikaci jakychkoli bota-
nickych i pribuznych periodik knihovniktm, bibliografiam, informac¢nim a védeckym pracovnikim.

V. Skalicky
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PRESLIA 41 TAB. XV.

Photo 1. General view of the stands of Aeschynomene elaphroxylon on the banks of Ke Lagoon,

Ghana.
Photo 2. The base of the ambatch tree stem with adventitious roots developed from macro-

.

rhizae (M), numerous brachyrhizae (B), and hemisphaerical nodules (N).

J. Jenik and J. Kubikova: Root system of Tropical Trees 3.
The Heterorhizis of Aeschynomene elaphroxylon (GUILL. et PERR.) TAUB.



PRESLIA 41 TAB. XVI.

Photo 3. A detail of a prostrate branch with bigger adventitious roots developed from macro-
rhizae (m), and abundant brachyrhizae (b) forming a thick hair-like indumentum.

Photo 4. Transverse section through a stem nodule showing the bark with a prominent cork
layer (a), vaulted part of the secondary phloem (b) and bacteroidal tissue (c). Enlarged 75 x .
Photo 5. Transverse section through a brachyrhiza showing disintegrating rhizodermis (a),
thickened exodermis with peculiar inner suberin layer (b), and cortex parenchyma (c). En-
larged 270 x .
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