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Size variation in the vascular cambium and
its derivatives in two Alstonia species
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RESUMO - (Variag@o em tamanho do cambio vascular e seus tecidos derivados em duas espécies de Alstonia). Duas espécies de arvores
tropicais (Alstonia venenata Br. e Alstonia neriifolia Don. - Apocynaceae) foram estudadas para detectar variagdo em tamanho de
diversos elementos do cambio e seus tecidos derivados. Embora as condicdes de clima e edaficas destas duas espécies fossem identicas,
as dimensdes das iniciais fusiformes e os elementos derivados destas foram maiores em A. venenata do que em A. neriifolia. As iniciais
radiais s@o retangulares em A. venenata porem sdo isodiamétricas em A. neriifolia. Foi observado aumento substancial no comprimento
das células do floema e xilema quando comparadas com as células mae. Alongamento mdximo foi observado nas fibras do xilema durante
adiferenciacdo das respectivas iniciais fusiformes.

Palavras-chave: comprimento das iniciais funsiformes, iniciais radiais, elementos do tubo crivado, elementos de vaso, fibras do xilema,
Alstonia venenata, Alstonia neriifolia

ABSTRACT - (Size variation in the vascular cambium and its derivatives in two Alstonia species). Two tropical tree species viz.
Alstonia venenata Br. and Alstonia neriifolia Don. (Apocynaceae) were investigated to detect size variation in different elements of the
cambium and its derivative tissues. Although these two species were grown under identical climatic and edaphic conditions, fusiform
initial dimensions and the elements derived from them were larger in A. venenata than in A. neriifolia. Ray initials are rectangular in
A. venenata but isodiametric in A. neriifolia. An appreciable increase in length was observed in the phloem and xylem ray cells when
compared to the mother cells. Maximum elongation was observed in xylem fibers during differentiation from the respective fusiform
initials.

Key words: cambial fusiform initial length, cambial ray initials, sieve-tube elements, vessel elements, xylem fibers, Alstonia venenata,
Alstonia neriifolia

Introduction

Information on size variation of cambial initials and
their derivatives is rather meager. The pioneering
contribution in this field is by Chattaway (1936),
Butterfield (1973) and Anand et al. (1978) who studied
cambial initials and their derivatives in Ginkgo, several
conifers and dicotyledons. Recently Igbal (1990), Rao
et al. (1996), Paliwal & Yadav (1999) and Paliwal
et al. (2002) also observed the structural and size
variation of different xylem elements in Leucaena
leucocephala and Haldina cordifolia, respectively.

In three dimensional view, the cambium is a
continuous cylindrical sheath about the xylem. There
are two conceptually different views regarding the
nature of cambium. One school of thought postulates
a multiseriate zone distinguished in transections by
radially narrow cells with thin walls in which all the
cells are equally endowed with multiplication capacity.

This view, proposed by Raatz (1892), has been strongly
supported by Catesson (1964). The other school pleads
for the uniseriate nature of cambium. There are two
interpretations of this uniseriate concept based on
terminological differences. According to one, there are
single initial cells which in each radial file of cambial
cells lie somewhere between the phloem and xylem
mother cells and are responsible for the production of
cambial derivatives on the outer and inner sides. This
view is mainly advocated by Bannan (1955; 1968) and
Newman (1956), and has been supported by ultra-
structure studies of Mahmood (1968) and Murmanis
(1970) pertaining to tangential wall characteristics.
According to another group of workers (Wilson et al.
1966; Zimmermann & Brown 1971), the term cambium
is applicable only to the initial cells, not the immediate
derivatives. Following the former terminology,
Butterfield (1975) defines cambium as a “multiseriate
zone of periclinally dividing cells lying between the
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differentiating secondary xylem and phloem, with
distinct initials capable of both periclinal and anticlinal
divisions lying somewhere within each radial file of
cells.” The same terminology has been adopted for
describing cambium in the present study.

The present investigation also aims to provide
further information on size variations and relationship
between cambial initials and their derivatives in two
species of Alstonia namely A. venenata and
A. neriifolia.

Materials and methods

Cambial samples along with the bark and some
sap wood 1 inch square were collected from the main
trunks, at chest height from the southern side of the
tree using a chisel and hammer. Nine healthy 24-year-
old trees of comparable size and vigour, each of
Alstonia venenata Br. (6-8 m in height) and Alstonia
neriifolia Don. (4-6 m in height) belonging to the family
Apocynaceae and growing under natural climatic and
edaphic conditions of the Western Ghats were selected
for the purpose. The samples were collected at
fortnightly intervals for a period of two consecutive
calendar years (2004, 2005). Three samples were
collected from three trees each month with a gap of
ten days. The next sets of samples were collected from
the same set of trees after at least three months. Care
was taken to collect the sample at least 10 inches away
from the wounded spot whenever the tree was used
for the second or third time. All the samples were fixed
on the spot in F.A.A. (Formalin-acetic-alcohol) and
finally put in 70% ethanol after 5-7 days for
preservation. Serial sections in transverse, tangential
and radial longitudinal planes were obtained at a
thickness of 6-8 um on a Reichert’s sliding microtome.
Staining was done following the method of Foster
(1934), Johansen (1940) and Cheadle et al. (1953).

Measurements of cambial initials and their
derivatives (except for vessel elements and fibres) were
carried out on transverse and tangential longitudinal
sections with the help of an ocular micrometer scale
under the specific magnification of a compound
microscope. The dimensions of the fibres and vessel
elements were taken after macerating the bark and
wood separately following the method of Ghouse et al.
1974. An average of 500 measurements, macerated
or sectioned, were taken on a random basis. The mean
and range of cell dimensions were determined after
pooling the readings obtained from different samples.

Results

Alstonia venenata Br. is a small, medium-sized
evergreen tree with buttressed stem. The bark is yellow
inside and exudes a milky juice when injured. Leaves
were coriaceous, bright green and shiny above, 3-8
inches long tapering at the base into a short petiole.
Flowers were greenish-white, arranged in compact,
umbellately branched, pubescent cymes. It occurs in
the Nilgiris and the evergreen forest of Western Ghats.
The other species, Alstonia neriifolia Don., on the
other hand, is widely distributed when compared to
Alstonia venenata and occurs in East Nepal, Sikkim
and Bhutan.

The transections show lenticels, periderm,
secondary phloem, cambium and xylem from outside
in. The cambium forms a multi-layered zone of 3-12
cells in transection (Figure 1A, B, D), whose component
cells are arranged in non-storied or non-stratified
manner when seen in tangential view (Figure 2). In
both species fusiform initials are elongated, spindle
shaped and have a prominent beaded appearance
during the dormant period on their tangential walls
(Figure 2B, C, F). The radial walls are slightly thicker
than the tangential walls in both the active and dormant
periods. These are uninucleate with usual cytoplasmic
contents and length 909.46 um in A. venenata and
889.64 um in A. neriifolia while the widths are
32.49 um and 34.89 um, respectively (Table 1, 2). The
ray initials are heterogenous, uni- to multi-seriate and
consist of procumbent and roughly upright cells in
A. venenata (Figures 2A, B, C) whereas these are
multiseriate and heterogenous in A. neriifolia (Figures
2D, E, F).

Conducting phloem consists of sieve tube
elements, companion cells, phloem fibres and phloem
parenchyma in the axial system. The sieve tube
elements possess simple and slightly oblique sieve plates
(Figure 1C, F). At least one companion cell is associated
with each sieve tube element (Figure 1E). Sieve tube
elements vary in length; they are 402.92 um in
A. venenata and 384.42 um in A. neriifolia and are
nearly half the length of the respective mother cells in
both trees under investigation (Table 1). Companion
cells are almost half the width while these are 1/3 to
1/4 the length when compared to the length of fusiform
initials. The phloem parenchyma strands are comprised
of 6-8 vertically elongated cells. These are of two
types - tanniniferous and crystalliferous. The phloem
ray cells are heterogeneous and uni- to multi-seriate in
A. venenata whereas similarly found in A. neriifolia



Actabot. bras. 21(3): 531-538.2007. 533

¢/
Y]

iy

rers

e d B
©
—

a4
.l‘l“-"

Figure 1. Alstonia venenataBr. (A,B,C) T.S. of A. venenata showing dormant cambium (DC) at 125x (A) and T.S. of A. venenata showing
phloem (P), cambium (C) and new xylem (NX) formation at 125x.(B) and T.L.S. conducting phloem showing arrangement of sieve tube
members and sieve plates with callose at 125X (C) and Alstonia neriifolia Don. (D,E.F) T.S. of A. neriifolia showing swelling of cambial
zone at 400x (B) and T.S. of conducting and non conducting phloem with sieve plates (SP), companion cells (CC) and sieve tubes (ST)

with callose deposition on lateral walls of non conducting elements at 400X (E) and T.S. conducting phloem showing lateral view of sieve
plates at 250X (F).
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Figure 2. Alstonia venenata Br. (A,B,C) T.L.S. through cambium showing active fusiform cambial initials forming ray initials through
terminal segmentation and lateral segmentation at 125X (A) and T.L.S. dormant cambium at 125X (B) at 400X (C). Alstonia neriifolia

Don. (D.E,F) T.L.S. through cambium showing pseudo-transverse division of active fusiform cambial initial at125X (D) and T.L.S.
showing splitting of rays by intruding fusiform initial and formation of rays by transverse segmentation in active cambium at 125X (E)

and T.L.S. dormant cambium at 125X (F).
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Figure 3. Alstonia venenata Br. (A,B,C) T.S. showing structure of wood at 125 X (A) and TLS showing vessel with overcrowded
bordered pits on lateral walls at 400X (B) and T.L.S. showing different kinds of rays at 250X (C) and Alstonia neriifolia Don. (D,E,F)
R.L.S. showing heterogenous rays with procumbent and upright cells at 400X (D) and T.L.S. showing arrangement of vessel elements,
rays and xylem sclerenchyma at 125X (E) and T.S. showing structure of wood at 250X (F).
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Table 1. Comparison of the lengths of fusiform cambial initials with their derivatives in two species of Alstonia.

Species Length of fusiform Length of sieve  Extentof  Length of Extent of Lengthof  Extent of
initials (um) tube elements growth vessel growth of  xylem fibres growth of
(um) of sieve tube elements  xylem vessels (um) xylem fibres
elements (um)
Alstonia venenata Range  530-1290 150-825 0.443 300-1270 0.805 450-2190 1.42
Mean 909.46 402.92 732.54 1299.43
Alstonia neriifolia Range  530-1290 150-825 0.432 300-1270 0.801 450-2190 1.44
Mean 889.64 384.42 712.72 1289.38

(Figure 1C, F). The length of phloem ray cells
experienced considerable elongation over the mother
cells. The axial parenchyma strands also become twice
as long in A. venenata but remain the same length in
A. neriifolia when compared to fusiform initials.

The axial system of secondary xylem is made up
of the usual 3 types of cells, vessel elements, xylem
fibres and xylem parenchyma; the radial system
consists of ray cells. Vessel elements are distributed
in small multiples of 2-9 cells, thick walled, with pitted
thickening (vestured intervessel pits) on the radial walls
(Figure 3A, B, E, F). They bear slightly oblique simple
perforation plates (Figure 3B, E). Vessel arrangement
was observed to be diffuse both in A. venenata and
A. neriifolia. The xylem fibres are elongated aseptate,
thick walled, narrow lumened and with tapering apices.
The axial parenchyma is fairly thin walled, aliform and
confluent (Figure 3D). The parenchyma in the ray
system is formed of heterogeneous, uni- and bi-seriate
rays in A. neriifolia whereas these are uni- to multi-
seriate in A. venenata (Figure 3C, E). The vessel
elements are slightly shorter in both species:
A. venenata (732.54 pm) and A. neriifolia
(712.72 pm). These are 9-10 times wider when
compared to the respective fusiform initials (Tables 1,
2). The length of xylem fibres are 1299.43 um in
A. venenata and 1289.38 um in A. neriifolia (Table 1).

The dimensions of ray parenchyma cells are certainly
greater than the respective ray initials in both plants.

Discussion

In the present study, the term cambium/cambial
zone applies to the entire region of tissue generation
that includes the xylem and phloem mother cells in
addition to the initiating layer. It is fully borne out from
the data presented in the tables that all the derivatives
of cambium undergo changes in their dimensions during
and after differentiation. Also the plant exhibits
successive active and dormant phases during a calendar
year. This cambium behaviour is believed to be regulated
by several internal and external factors which include
heredity constitution, physiological phenomenon and
environmental conditions of the habitat (Philipson ef al.
1971).

The sieve tube elements were shortened during
differentiation from the fusiform initials, probably due
to the shift of oblique end walls of the latter to a more
transverse position. Some of the sieve tube elements
are nearly half the length of fusiform initials indicating
that transverse or some other divisions occur in the
sieve tube element mother cells. These results are
parallel to those observed by Esau & Cheadle (1955)
for numerous species of Ailanthus, Asimina, Buxus,

Table 2. Comparison of the widths of fusiform cambial intials and their derivatives in two species of Alstonia.

Species Width offusiform Radial diameter Tangential diameter Radial Tangential Width of xylem
initials (um) of sieve tube of sieve tube  diameter of vessel ~ diameter of fibres (um)
elements (um) elements (um) elements (um)  vessel elements
(um)
Alstonia venenata Range 20-52 10-52 10-40 30-300 30-435 12-44
Mean 34.89 22.6 16.9 123.42 124.25 22.81
Alstonia neriifolia Range 20-52 10-52 10-40 30-300 30-435 12-44
Mean 32.49 20.4 14.8 121.25 122.15 21.42
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Cercidiphyllum, Clethra, Hypericum and others,
Evert, 1963 (Pyrus malus); Ghouse & Yunus, 1975
(Dalbergia sps.); Khan (1977, personal
communication) (Psidium guajava); Igbal & Ghouse,
1979 (Prosopis spicigera); Khan (1980, personal
communication) (Callistemon citrinus, Eucalyptus
maculata and Eugenia jambolana); as well as of
Zahur (1959) for several dicotyledons. Companion cells
are half the width and 1/3 to 1/4 the length when
compared to their progenitors. The ray initials also
experienced much elongation over their mother cells
while no appreciable widening was observed in the
respective progenitors in both trees investigated.
Phloem and xylem parenchyma strands do not show
any significant change and are more or less similar in
size to their mother cells.

A comparison of the length of fusiform initials and
vessel elements confirms the general affinity as
proposed by Butterfield (1973) and Sharma et al.
(1979). The slight decrease in length of vessel elements
is due to the rearrangement of the end walls as the
fusiform initials have long tapering apices. The natural
vessel elements have transverse or slightly oblique end
walls. The xylem fibres gain maximum elongation and
become almost double the length of fusiform initials as
a result of intrusive growth. These results are in
agreement with those of Chattaway (1936), Ghouse
& Siddiqui (1976), Ghouse & Hashmi (1978), Anand
et al. (1981), Paliwal & Yadav (1999), and Paliwal
et al. (2002). However, Siddiqui (1983, personal
communication) has reported apical intrusive growth
to the extent of 3.54 and 4.4 times over the size of
mother initials in Ficus infectoria and F. religiosia.
Khan (1984, personal communication) has reported that
the xylem fibres undergo apical intrusive growth,
5.50-6.33 times over the size of their mother initials in
Bombax melabaricum. Ajmal (1985, personal
communication) has reported xylem fibres to exhibit
5.4 and 3.23 times length increase over fusiform initials
in Ficus rumphii and Sterbulus asper. But Cheadle
(1937) found xylem fibres to grow 15-40 times over
the size of their mother initials, whereas Anand et al.
(1978) reported xylem fibres in Dalbergia sisso to
grow 8-9 times longer than their mother initials.

The present study shows an appreciable
dimensional variation between the different elements
of cambium and its derivative tissues although the two
species are growing in same habitat. Fibres showed
maximum elongation over the mother initials whereas
the sieve-tube members and vessel elements showed
areduction in length with many times increase in width.
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