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Abstract: The striking resemblance of Albizia species based on their macromorphological characters necessitated this study, to
evaluate the wood anatomical features of the genus and to assess the suitability of the wood for pulp and paper production.
Transverse, tangential and radial longitudinal sections of the wood of five Albizia species and macerated samples were obtained by
standard methods. Wood of all selected species was diffuse-porous with no growth ring. Aseptate fibres, heterogeneous rays, vessels
with simple perforation plates and alternate pitting were present in all species indicating generic characters of the taxa. Axial
parenchyma cells, Ray type, tyloses and vessel grouping were the diagnostic features. Quantitative wood anatomical characters such
as fibre length, fibre diameter, vessel length, vessel width, ray length, ray width and pore diameter were of taxonomic importance in
this genus. The mean fibre length indicated that Albizia odoratissima (614.8 231.9 µm) had the shortest fibres while Albizia
adianthifolia (758.8 122.1 µm) had the longest fibres amongst the species studied. The mean runkel ratio, slenderness and flexibility
ratios of Albizia adianthifolia (0.97 µm), Albizia odoratissima (0.75 µm) and Albizia zygia (0.81 µm) indicated the suitability of the
species for pulp and paper production.
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INTRODUCTION
Mimosoideae, a subfamily within the family Fabaceae is usually referred to as Mimosoids and they comprises the
major group of legumes. They consist of trees, shrubs, and lianas found in tropical, sub-tropical and warm temperate
regions of the world where they serve as important sources of forage and fuel (Luckow et al., 2003; Luckow et al.,
2005). Mimosoids account for the greater diversity of plants in tropical America, Africa and Australasia. Members of
this subfamily are common in lowland tropical rainforests especially along rivers and near lakes, but have successfully
adapted to drier savannas, scrubs and thorn forests, and arid desert regions in the Americas (Espinoza & Leon, 2003;
Espinoza & Melandri, 2000, 2006) and Africa (Elias, 1981). Lawrence (1951) recognized 40 genera of Mimosaceae
which are divided among five tribes. The genus Albizia Durazz comprises about 120 species and occurs throughout the
tropics with approximately 35 species found in continental Africa and 40 species in Madagascar (Apetorgbor, 2007).
However, Hutchinson & Dalziel (1952) reported 10 species for Nigeria.
Albizia lebbeck (L.) Benth. (also called woman’s tongue, Igbagbo, East Indian walnut, Siris tree and various names)
is found in deciduous and semi-deciduous monsoon forests and rainforests in its native habitat, and in a variety of
situations in the humid and semi-arid tropics and subtropics. It is a multipurpose, fast growing tree species widely
grown in the tropical region (Tropical Forages, 2005; Chaudhary et al., 2016). Albizia zygia (DC.) J. F. Macbr. (also
called ayinreta, nyieavu, nongo) is common in lowland coastal rain-forests, riverine forests and in woodland. This tree
is indigenous to tropical Africa and has a wide distribution, from Senegal, Nigeria in West Africa to eastern Africa
(Orwa et al., 2009). Albizia odoratissima (L.f.) Benth. is native to large parts of India (where it is known as 'Kali Siris'
or 'Black Siris'), Bangladesh, Bhutan, Nepal, Myanmar, Laos, Thailand, Vietnam, Sri Lanka (where it is known as
'Ceylon Rosewood') and China. The usefulness of these species, their rapid growth of about a metre in height annually
and their wide range of habitat made them to be extensively distributed in the tropics and occasionally in the temperate
zones, despite young plants being susceptible to frost. It has become naturalised over large swathes of Tropical Africa,
extending from Tanzania down the east coast through Kenya, Malawi and Zimbabwe as far south as Mozambique, and
is grown in Johannesburg, South Africa. It has also become feral in Central America and Florida in the United States.
Albizia adianthifolia (Schum.) W.F. Wight is conspicuous and common on forest margins or in open forests from South
Africa through tropical Africa to Ethiopia in the north (Orwa et al., 2009). Albizia glaberrima (Schum. & Thonn.)
Benth. is native to Africa and has a wide distribution, from Kenya, Tanzaniain East Africa to Sudan in Northeast Africa,
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to Angola, Malawi, Mozambique, Zambia and Zimbabwe in South Tropical Africa, to Cote D'Ivoire, Ghana, Guinea,
Guinea-Bissau, Nigeria and Togo in West Tropical Africa and extending to Western Tropical Africa (Lock, 1989). A.
glaberrima is commonly called silk plant, silk tree, or siris.
Albizia species are important forage, timber, and medicinal plants, and many are cultivated as ornamentals for their
attractive flowers (Lowry et al., 1994; Joycharat et al., 2013). The trunk of A. lebbeck yields a reddish gum that is used
as an adulterant of gum Arabic (Orwa et al., 2009). In Nigeria, Albizia woods are used for making Mortar and pestle,
food stirrer, graven images and Ayo (an indoor game among the Yoruba tribe).
The species found in Nigeria include A. chevaleri Harms, A. coriaria Welw. ex Oliv., A. ferruginea (Guill. and
Perr.) Benth., A. lebbeck, A. malacophylla var. ugandensis Bak. f., A. glaberrima, A. zygia., A. adianthifolia, A.
gummifera(J. F. Gmel.) C.A. Sm. var. gummifera and A. intermedia De Wild. and Th. Dur. (Hutchinson & Dalziel
1952).
The subfamily Mimosoideae to which Albizia belongs is a taxonomically complex group. Species of this subfamily
are not always easy to recognize on the basis of their macro morphological characters because of their striking
resemblance. The delimitation of this genus requires the use of anatomical characters among others.
The envisaged level of production of pulp and paper in Nigeria is still elusive due to insufficient availability of local
materials. The most crucial is the limitation of long fibre supply, which plays a dominant role in the strength of paper.
Most tree species used for pulp and paper production like Gmelina arborea Roxb. and Pinus caribaea var. hondurensis
(Senecl.) W.H.G. are threatened due to the high rate of deforestation and increasing demand of their wood for other
economic purposes. There is need, therefore, to carry out a comparative study on the fibre characteristics of some
Albizia species to screen them for their suitability for pulp and paper production.
MATERIALS AND METHODS
The choice of the collected species was based on availability. Fresh matured wood of Albizia adianthifolia, A.
glaberrima, A. lebbeck, A. odoratissima and A. zygia were collected from different locations in Ibadan, Oyo State.
Wood samples were taken from straight matured branches as far as possible to avoid inclusion of tension or pressure
wood. The authentication and identification were done at the Forest Herbarium, Ibadan (FHI). Herbarium specimens of
the five Albizia species were studied at the Forest Herbarium, Ibadan (FHI) and University of Ibadan Herbarium (UIH)
(Table 1). Literature such as Trees of Nigeria (Keay, 1989); The Useful plants of West Tropical Africa (Burkill, 1985);
Flora of West Tropical Africa (Hutchinson & Dalziel 1952) were all consulted to ascertain the identity of the species.
Preparation of wood samples
Table 1. Representative Herbarium specimens of Albizia species examined.
Taxa
Locality
Collector (s)
Albizia adianthifolia
Botanical garden, University of
Kumi, K. T.
Ibadan, Oyo state.
Barombemakoko to Iloami,
J. Lowe
Cameroun.

Herbarium No.
UIH 10047

Date of Collection
13.01.1983

UIH 18455

18.02.1979

Albizia glaberrima

Ibadan, Oyo state.

Brundrett

UIH 16340

31.03.1974

Albizia lebbeck

Yola catering rest house
compound.
Botanical garden, University of
Ibadan, Oyo state.
Ogoja, Cross river state.

Latilo, M.G.

UIH 16233

27.10.1971

Kumi, K. T.

UIH 20208

13.01.1983

UIH 2113

25.11.1969

Zoo, Enugu, Enugu state.
Botanical garden, University of
Ibadan, Oyo state.
9, Laird place, University of
Ibadan, Oyo state.
9, Laird place, University of
Ibadan, Oyo state.
Hill top, Jos state.

Emwiogbon
Mr Brown, R.H.

UIH 16149
UCI 2072

26.03.1973
09.02.1965

J. Lowe

UIH 16188

17.02.1975

J. Lowe

UIH 20772

28.03.1985

UCI 2071

25.07.1963

Albizia zygia

J. Lowe

Puri G. S.

Wooden blocks of approximately 10×10×10 cm were collected from matured branch of each plant and small blocks
were cut into cube dimension of 8 cm3. The blocks were boiled in 5% aqueous solution of Sodium hydroxide (NaOH) to
soften them.

71

Odiye et al. (2019)

Sectioning and staining of wood samples
Transverse sections (TS), tangential longitudinal sections (TLS), and radial longitudinal sections (RLS) were cut at
10 microns thickness using Reichert sliding microtome. Sections were preserved in 50% ethanol prior to staining. Each
section was stained for 5 minutes in Safranin O then rinsed in water twice to remove excess stain and counterstained in
Alcian blue for another 5 minutes. The counterstained sections were also rinsed in water twice before passing them
through series of treatments in ethanol solution (50%, 70%, and 80%, 90%, 100%) to remove water molecules
(dehydration process) and to remove excess stain (differentiation process) and clearing was done in absolute xylene.
Each section was mounted on a clean glass slide in DPX.
Maceration and staining of the macerates
Wood samples of each Albizia species were sliced into small pieces using pen knife and macerated using Schultz’s
fluid obtained by mixing equal volume of chromic acid [dissolved 1 g of Potassium Nitrate (KNO 3) in 50 ml of
Concentrated Nitric acid (HNO3)] and 10% nitric acid. The maceration was carried out in a beaker and heated on the hot
plate in a fume cupboard for 40minutes. This was done to remove the middle lamella of the cells and free the cells and
their constituents. The macerated wood samples were washed in several changes of water. Wood macerates were
preserved in 50% ethanol prior to staining. Macerates were stained with Safranin O for 5 minutes, after which they were
rinsed in water gently and mounted in 25% glycerol on clean slides and the edges of the cover slip were sealed with nail
varnish. Quantitative parameters such as fibre length (FL), fibre diameter (FD), fibre lumen diameter (FLD), fibre wall
thickness (FWT), vessel diameter (VD), vessel length (VL), ray height (RH), ray diameter (RD), and pore diameter
(PD) were measured using the micrometer. These were used except VD, VL, RH, RD and PD to derive the anatomical
properties and morphological indices such as the runkel ratio, slenderness ratio and flexibility coefficient as follow:
The cell wall thickness was obtained using the formula:
(

)

While the Runkel ratio was obtained with a formula:

Descriptive terminology
Descriptive terminologies and measurements were in accordance with the International Association of Wood
Anatomists (IAWA) list of Microscopic Features for Hardwood Identification (IAWA Committee, 1989).
Microscopy
Microscopic observations of prepared slides of the macerates and sections were made using LEICA DM500
binocular light microscope. Wood characters studied include xylem vessels, axial parenchyma, fibres, rays and tyloses.
The following parameters were measured using stage and eyepiece micrometers: Fibre length and width, lumen and
wall thickness in the macerates, vessel pore diameter at the T.S. plane, vessel length and vessel width in the macerates
as well as Ray height and width at the T.L.S. plane.
Photomicrography
Photomicrographs of the slides showing anatomical features of the wood were taken using Accu-scope trilocular
microscope with 3.2 MP CMOS digital camera.
Data analysis
All data were subjected to descriptive statistics. The data were used to construct character polygons for the five
species with a view to expressing the similarities among the taxa.
RESULTS
Wood anatomical description of the studied taxa
Albizia adianthifolia (Schum.) W.Wight

(Figs. 1A, 2A, 3A, 4A, B)

Wood porosity: The wood was diffuse porous.
Vessels: Vessels were predominantly solitary while few radial pore multiples and pore clusters were present; pore
72

Plants and Environment (2019) 1(2): 70-82

A

B

C

D

E

2×10-3µ

Figure 1. Photomicrographs of the wood anatomical features of Albizia species (TS): A, Albizia adianthifolia; B, Albizia glaberrima;
C, Albizia lebbeck; D, Albizia odoratissima; E, Albizia zygia. [Legends: Pc- Pore cluster, Pm- Pore multiple, Sv- Solitary vessel, TTyloses, Ap- Axial parenchyma]

multiples ranged from 2-3 and pore clusters from 2-13 (Fig. 1A). Vessel pores were oval, circular or rectangular arch to
saucer in shape at transverse plane. Tyloses were present in few vessels. Mean vessel length was 317.2 87.1 µm while
the mean vessel diameter was 167.2 53.3 µm. Mean pore diameter was 131.9 28.9 µm (Table 2). Vessel perforation
plates were simple and the inclination oblique to transverse. Some vessels had one to two tails, while others had none
(Fig. 4A2). Pitting was simple and alternate.
Axial parenchyma: Apotracheal and diffuse (Fig. 1A)
Rays: Predominantly biseriate, few multiseriate or uniseriate (Fig. 2A). Non-storeyed and heterogeneous
(comprising of procumbent and upright cells) were present (Fig. 3A). Ray cells were rectangular, square, circular,
triangular, saucer and oval shaped at tangential plane. Mean ray height was 242.4 134.9 µm and ray diameter was
22.6 6.0 µm (Table 2).
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Fibre: Fibres were libriform, non-storeyed, non-septate with large lumen and narrow walls (Fig. 4A). Mean fibre
length was 758.8 122.1 µm, fibre diameter 22.6 4.9 µm, fibre lumen diameter 12.4 4.9 µm and fibre wall thickness
5.1 0.9 µm (Table 2).
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Figure 2. Photomicrographs of the wood anatomical features of Albizia species (TLS): A, Albizia adianthifolia; B, Albizia
glaberrima; C, Albizia lebbeck; D, Albizia odoratissima; E, Albizia zygia. [Legends: Usr- Uniseriate rays, Bsr- Biseriate rays, MsrMultiseriate rays, Csr- Compound ray, F- Fibre, Xv- Xylem vessel]

Albizia glaberrima (Schum. & Thonn.) Benth.

(Figs. 1B, 2B, 3B, 4C, D)

Wood porosity: The wood was diffuse porous
Vessels: Vessels were predominantly solitary while few radial pore multiples and pore clusters were present; pore
multiples ranged from 2-6 and pore clusters from 2-6 (Fig. 1B). Vessel pores were oval, circular or rectangular arch to
saucer in shape at transverse plane. Tyloses were present in few vessels. Mean vessel length was 232 71.8 µm while
the mean vessel diameter was 149.2 37.6 µm. Mean pore diameter 94.45 24.9 µm (Table 2). Vessel perforation plate
was simple and the inclination was oblique to transverse. Vessels with one or two tails; others had none. Pitting was
simple and alternate (Fig. 4D).
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Axial parenchyma: Paratracheal, confluent, winged-aliform, lozenge-aliform, vasicentric parenchyma cells were
present with parenchyma bands more than 3 cells wide (Fig. 1B).
Rays: Predominantly biseriate, few uniseriate and multiseriate. Rays were non-storied and heterogeneous (Figs. 2B,
3B). Ray cells were rectangular, square, circular, oval and polygonal shaped at tangential plane. Mean ray height was
140 41.2 µm and ray diameter was 28.6 7.8 µm (Table 2).
Fibre: Fibres were libriform, non-storied, non-septate with large lumen and narrow wall (Fig. 4C). Mean fibre
length was 733.2 232.0 µm, fibre diameter 15.9 3.1 µm, fibre lumen diameter 7.5 3.0 µm and fibre wall thickness
4.2 1.2 µm (Table 2).
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Figure 3. Photomicrographs of the wood anatomical features of Albizia species (RLS): A, Albizia adianthifolia; B, Albizia
glaberrima; C, Albizia lebbeck; D, Albizia odoratissima; E, Albizia zygia. [Legends: Hr- Heterogeneous ray, Rc- Ray cell F- Fibre,
Xv- Xylem vessel]
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Figure 4. Photomicrographs of the wood anatomical features of Albizia species (Macerated wood): A-B, Albizia adianthifolia; C-D,
Albizia glaberrima; E-F, Albizia lebbeck; G-H, Albizia odoratissima; I-J, Albizia zygia. [Legends: F-Libriform fibre, Vm- Vessel
member, Rc- Ray cell, Sp-Simple perforation and Vt- Vessel tail]
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Table 2. Qualitative Wood Anatomical Characters of Albizia Species Studied.
Vessel
Taxa
Ray type
Solitary vessels Pore clusters
Albizia adianthifolia Dominant
Few
Biseriate dominant
Albizia glaberrima
Dominant
Few
Biseriate dominant
Albizia lebbeck
Dominant
Few
Biseriate dominant
Albizia odoratissima Dominant
Few
Biseriate and uniseriate dominant
Albizia zygia
Few
Abundant
Compound seriate

Albizia lebbeck (L.) Benth.

Tyloses

Axial parenchyma

Few
Few
Few
Abundant
Few

Apotracheal diffuse
Paratracheal and banded
Paratracheal
Paratracheal and banded
Paratracheal and banded

(Figs. 1C, 2C, 3C, 4E, F)

Wood porosity: Wood was diffuse porous.
Vessels: Vessels were mainly solitary; few radial pore multiples and pore clusters were present. Pore multiples
ranged from 2–3 and pore clusters from 2–4 (Fig. 1C). Vessel pores were oval, circular, rectangular, triangular, saucer
to pentagonal in shape at the transverse plane. Tyloses were present in few vessels at transverse plane (Fig. 1C). Mean
vessel length was 253.6 89.3 µm while the mean vessel diameter was 163.6 36.5 µm. Mean pore diameter was
90.5 23.7 µm (Table 2). Vessel perforation plate was simple with the inclination oblique to transverse; vessels with
one or two tails or altogether absent. Pitting was simple and alternate (Fig. 4F).
Axial parenchyma: Paratracheal, confluent, winged-aliform, lozenge-aliform, vasicentric (Fig. 1C).
Rays: Predominantly biseriate, few uniseriate and multiseriate. They were also non-storied (Fig. 2C) and
heterogeneous (Fig. 3C). Ray cells were rectangular, square, circular, cylindrical, oval and polygonal shaped at
tangential plane. Mean ray length was 196.4 91.6 µm and ray diameter was 25.6 5.8 µm (Table 2).
Fibre: Fibres were libriform, non-storied, non-septate with large lumen and narrow wall (Fig. 4E). Mean fibre
length was 669.2 188.1 µm, fibre diameter 21.5 5.9 µm, fibre lumen diameter 12.5 6.4 µm and fibre wall thickness
4.5 1.4 µm (Table 2).
Albizia odoratissima (L.f.) Benth.

(Figs. 1D, 2D, 3D, 4G, H)

Wood porosity: Wood was diffuse porous
Vessels: Vessels were mainly solitary; radial pore multiples and pore clusters were present, pore multiples ranged
from 2-3 and pore clusters from 2-9. (Fig. 1D). Vessel pores were oval, circular, rectangular and saucer in shape at the
transverse plane. Tyloses were more frequent in vessels (Fig. 1D). Mean vessel length was 284 95.1 µm while the
mean vessel diameter was 205.6 68.0 µm. Mean pore diameter was 86.8 24.0 µm (Table 2). Vessel perforation plate
was simple and the inclination oblique to transverse; vessels with one to two tails, or altogether absent. Pitting was
simple and alternate (Fig. 4H).
Axial parenchyma: Paratracheal, confluent, winged-aliform, lozenge-aliform and vasicentric; parenchyma bands
more than 3 cells wide (Fig. 1D).
Rays: Predominantly biseriate and uniseriate, few multiseriate. They were non-storied (Fig. 2D) and heterogeneous
(Fig. 3D). Ray cells were rectangular, square, circular, cylindrical, oval and irregular in shape at the tangential plane.
Mean ray height was 230.6 113.0 µm and ray diameter 20.8 7.0 µm (Table 2).
Fibre: Fibres were libriform, non-storied, non-septate with large lumen and narrow wall (Fig. 4G). Mean fibre
length was 614.8 231.9 µm, fibre diameter 24.4 4.9 µm, fibre lumen diameter 14.8 4.7 µm and fibre wall thickness
4.8 1.4 µm (Table 2).
Albizia zygia (DC.) J.F.Macbr.

(Figs. 1E, 2E, 3E, 4I, J)

Wood Porosity: Wood was diffuse porous
Vessels: Solitary vessels were predominant with few radial pore multiples and pore clusters ranging from 2-4 and 211 respectively. (Fig. 1E). Vessel pore shape was oval, circular, rectangular, arch and saucer at transverse plane.
Tyloses were in few vessels (Fig. 1E). Mean vessel length was 312 108.9 µm while the mean vessel diameter was
242 84.7 µm. Mean pore diameter was 84.3 32.8 µm (Table 2). Vessel perforation plate was simple and oblique to
transverse inclined; vessels with one to two tails or with tails absent. Pitting was simple and alternate (Fig. 4J).
Axial parenchyma: Paratracheal, confluent, winged-aliform, lozenge-aliform and vasicentric; parenchyma cells
with bands more than 3 cells wide (Fig. 1E).
Ray: Predominantly multiseriate but few biseriate and uniseriate; compound non-storied heterogeneous rays were
present (Figs. 2E and 3E). Ray cells were rectangular, saucer, circular, cylindrical, oval and polygonal shaped at
tangential plane. Mean ray length was 140.6 48.7 µm and ray diameter 34.6 13.6 µm (Table 2).
Fibre: Fibres were libriform, non-storied, non-septate with large lumen and narrow wall (Fig. 4I). Mean fibre length
was 732.8 256.6 µm, fibre diameter 21.8 6.3 µm, fibre lumen diameter 13.4 6.5 µm and fibre wall thickness 4.2 1.4
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µm (Table 2).
Table 3. Quantitative Anatomical Characters of the Albizia Species studied.
Name
A. adianthifolia A. glaberrima
A. lebbeck A. odoratissima
Fibre length
540–1000
290–1110
360–1000
320–1290
759 122
733 232
669 188
615 232
Fibre diameter
15–38
10–23
13–38
13–35
23
16 3
22
25
Fibre lumen diameter
5–28
3–13
3–28
8–25
13
3
13 6
15
Fibre wall thickness
3–8
3–5
3–8
3–8
5
4 1
1
1
Vessel element length
150–450
110–400
120–360
100–420
317.2 87
232 72
253.6 89
284 95
Vessel diameter
150–450
70–220
90–230
100–340
167 53
149 38
164 37
206 68
Pore diameter
43–173
40–165
28–130
38–138
132 29
95 25
91 24
87 24
Ray length
70–750
60–290
50–480
80–740
242 135
140 41
196 92
231 113
Ray diameter
10–30
10–50
10–30
10–40
23 6
29
26
21 7

Table 4. Fibre Morphological indices and biometrical coefficient of Albizia Species.
Fibre indices
A. adianthifolia A. glaberrima
A. lebbeck A. odoratissima
Runkel ratio
0.29–2.00
0.40–4.00
0.22–4.00
0.22–2.00
0.97 0.46
1.42 0.97
1.18 1.16
0.75 0.41
Flexibilityratio
33.33–77.78
20.0–71.43
20.00–81.82
33.33–81.82
53.23 11.10
46.55 15.0
54.89 19.36
59.83 12.07
Slenderness ratio
16.00–61.33
12.89–80.80
13.09–51.20
15.60–43.00
35.34 10.43
48.51 18.27
32.07 8.0
25.66 8.96

A. zygia
510–1740
733 257
10–38
22 6
5–30
13
3–8
4 1
100–460
312 109
120–360
242 85
35–160
84 33
60–310
141 49
10–80
35 14

A. zygia
0.17–2.00
0.81 0.46
33.33–85.71
59.27 14.65
16.00–77.33
35.67 13.92

DISCUSSION
Wood anatomical characters obtained from this study showed marked consistency in the wood elements of the
species of Albizia. The presence of non-septate and non-storeyed libriform fibres indicates structural similarities in the
fibres of the five Albizia species (Figs. 1-4). However, Anil et al. (2016) had reported septate fibres in A. lebbeck and A.
odoratissima. The wood of Albizia species studied were mainly diffuse-porous with absence of growth rings which is at
variance with the previous work by Anil et al. (2016) who reported distinct to indistinct growth rings in A. odoratissima
and A. lebbeck (Fig. 5). According to Basim (2014), variations in wood characteristics may depend on environmental
conditions. Solitary vessels with simple perforation plates and alternating pitting, pore clusters and pore radial multiples
were also observed in all the species. Shashank (2013) considered solitary vessels to be primitive to aggregate
groupings such as pore clusters and pore multiples. Pore clusters were only dominant in A. zygia suggesting
advancement in the taxon compared to other taxa with predominantly solitary vessels. According to William (1967),
consistency of simple perforation plate on the vessel elements and alternate intervascular pitting, crystal sands and
presence of libriform wood fibres as observed in the species of Albizia studied indicate a trend towards phylogenetic
specialization in some cells and tissues. Metcalfe & Chalk (1989) used tyloses in distinguishing the taxa in the family
Sterculiaceae. The presence of tyloses indicates a unifying feature of all the species studied; however these were few in
A. glaberrima, A. lebbeck, A. adianthifolia, A. zygia but abundant in A. odoratissima (Table 2). Carlquist (2001) opined
that tyloses’ significance is a physiological one that serves as a defense mechanism and can also be of assistance in
wood identification. Axial parenchyma cells banded and paratracheal (vasicentric, confluent, winged and lozenge
aliform) were common features among the species studied except in A. adianthifolia which had apotracheal axial
parenchyma cells (Table 2) hence an important diagnostic feature in distinguishing A. adianthifolia from other taxa.
Moreover, unlike in the work of Anil et al. (2016), banded axial parenchyma cells were absent in A. lebbeck (Table 2).
Therefore, the presence or absence of banded axial parenchyma cells may be environmentally influenced. This present
study showed that all taxa exhibited distinctive ray pattern by having a high degree of biseriate rays and low degree of
uniseriate, multiseriate and compound seriate rays in tangential plane (Table 2). Similarly, rays were non-storied among
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the taxa studied, showing a unifying feature among them. The presence of compound rays is a diagnostic feature in
delimiting A. zygia from other taxa studied. Rays cells of the studied Albizia species were heterogeneous, having both
procumbent and upright ray cells. IAWA (1989) and Anil et al. (2016) had reported homogeneous (procumbent) ray
cells for Albizia species.

B

A

D

C

E
Figure 5. Character polygons depicting relationships of Albizia species: A, Albizia lebbeck; B, Albizia glaberrima; C, Albizia
adianthifolia; D, Albizia odoratissima; E, Albizia zygia.

In spite of the uniformity of the qualitative wood features of the species studied, the value of quantitative characters
should not be neglected as Carlquist (2001) opined that both quantitative and qualitative features make available large
quantities of data in a more easily accessible fashion suitable for rapid comparisons. Variations in the quantitative wood
features of Albizia species studied showed that they could be used to delimit the taxa if carefully employed with other
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characters (Table 3). The mean value of fibre length indicated that A .odoratissima (614.8 231.9 µm) had the shortest
fibres while A. adianthifolia (758.8 122.1 µm) had the longest fibres amongst the species studied. Moreover, A.
odoratissima (24.4 4.9 µm) had the widest fibres while A. glaberrima (15.9 3.1 µm) had narrowest fibres. The
longest vessels were recorded in A. adianthifolia (317.2 87.1 µm) while the shortest vessels were recorded in A.
glaberrima (232 71.8 µm). A. zygia (242 84.7 µm) had the widest vessels while A. glaberrima (149.2 37.6 µm) had
the narrowest vessels (Table 3). According to Soumendra (2013) and Metcalfe & Chalk (1950) comparative studies on
the dicotyledons have revealed that evolution of vessel members has proceeded from the long or narrow vessels with
ends to short or wide vessels having transverse or inclined end-walls. It can, therefore, be inferred from this study that
A. zygia is the most advanced with the widest vessels and A. adianthifolia is the most primitive with the longest vessels.
Moreover, A. adianthifolia (242.4 134.9 µm) had the longest rays while A. glaberrima (140 41.2 µm) had the shortest
rays. A. zygia (34.6 13.6 µm) had the widest ray diameter while A. odoratissima (20.8 7.0 µm) had the narrowest rays
diameter of the five species studied.
The character polygons plotted using quantitative characters of the five Albizia species (Fig. 5) indicate similarities
among the species. However, A. glaberrima and A. lebbeck were separable by their pore diameter. A. glaberrima (94.5
µm) had a wider pore diameter than A. lebbeck (90.5 µm). Furthermore, A. adianthifolia with a similar shape to A.
glaberrima and A. lebbeck can be differentiated with its widest pore diameter (131.9 µm) and vessel width (167.2 µm)
and longest pores (317.2 µm). Taxonomically, quantitative features such as vessel length, vessel diameter and pore
diameter can be used to distinguish A. zygia and A. glaberrima which shows a striking resemblance based on their
vegetative shoot morphology (Table 3). Not much variation was observed in the fibre pattern (non-septate), fibre
distribution, Ray type, and presence of vessel tails within species in the genus, making the characters of little or no
taxonomic importance.
Anatomical characteristics are vital for wood utilization in pulp and paper making industry. The properties of paper
depend on the fibre properties, anatomy and method of separation of the fibres (Majid et al. 2014). Macerated wood
samples from each Albizia species were used to derive the fibre morphological indices and biometrical coefficients
influencing the quality of paper such as fibre length, fibre diameter, fibre lumen width, fibre cell wall thickness, Runkel
ratio, Co-efficient flexibility and the relative fibre length. Runkel ratio is the ratio of fibre cell wall thickness to its
lumen that determines the suitability of a fibrous material for pulp and paper production. According to Dutt et al. (2009)
and Jang & Seth (1998), for wood species to be of good quality for pulp and paper production, its Runkel ratio must be
less than 1 because such fibres are more flexible, collapse easily and form a paper with large bonded area while fibres
with Runkel’s ratio more than 1 are stiff, difficult to collapse and form bulkier paper with less bonded area. The runkel
ratio of some Albizia species studied were less than 1 μm except A. glaberrima (1.42) and A. lebbeck (1.18). However,
(Tables 4 and 5) that runkel ratio of A. adianthifolia (0.97), A. odoratissima (0.75) and A. zygia (0.81) correspond with
the range (0.70) reported for Dacryodes edulis H.J. Lam. (Ajuziogu et al., 2010), 0.79 for tropical pine species (Ajala,
1997) and 0.99 for Anthonatha macrophylla (Ezeibekwe et al., 2009).
Slenderness ratio, a measure of tearing property of pulp in papermaking is determined from fibre length and fibre
diameter. The fibres with high slenderness ratio are long, thin and have high tearing resistance where-as short and thick
fibres have less slenderness ratio and tearing resistance. Hence slenderness ratio of fibrous material more than 33 is
considered good for pulp and paper production (Xu et al. 2006). In the species studied the mean values were greater
than 33 µm except A. lebbeck and A. odoratissima (Tables 4).
Flexibility ratio is one of the important derived indices to determine the strength properties of paper and is governed
by lumen diameter and fibre diameter. The degree of fibre bonding in paper sheet is determined by flexibility ratio.
According to Bektas et al. (1999), fibres having flexibility coefficient more than 75 are considered as highly elastic
fibres, while fibres having flexibility coefficient between 50-75 are considered as elastic fibres and fibres having
flexibility coefficient of 30-50 are considered as rigid fibres. Consequently, the flexibility ratio of A. adianthifolia
(53.23), A. lebbeck (54.89), A. odoratissima (59.83) and A. zygia (59.27) fall within the elastic fibre group while A.
glaberrima (46.55) is classified among the rigid fibres group (Table 4). These differences will play important roles in
the strength and mechanical properties of wood for different uses.
CONCLUSION
This present study showed that the anatomical characters of wood can be employed in the identification and
discrimination of the five species of Albizia studied. While some are uniform in all species hence define the genus, other
are diagnostic for some taxa.
Albizia adianthifolia, A. odoratissima and A. zygia are recommended as a good material for pulp and paper
production due to their appreciable fibre length and Runkel ratio which is less than one (1 µm) on the average. The
80

Plants and Environment (2019) 1(2): 70-82

utilization potentials of these three species will be made better if their pulp is blended with other pulpable wood species
like Gmelina arborea (0.25) and Leucaena leucocephala (Lam.) de Wit. (0.59).
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