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Abstract: Leaf physiognomic analyses with both macro and micro morphological traits of three species of Avicennia 
namely, A. alba Blume, A. marina (Forsk.) Vierh, and A. officinalis L. have been done to identify the variability among 
them. A wide range of variations in leaf shape, length, apex, base, texture, venation pattern, epidermal cell type, stomatal cell 

type, stomatal frequency and stomatal index are observed in the studied species which might be used as taxonomic tool. 
Moreover, the detailed micro morphological features as revealed through present study are new observations which will 
enrich the existing database on leaf morphology of Avicennia.        
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INTRODUCTION 

 

ne of the true mangrove plant taxa, Avicennia, is 

the only genus of family Avicenniaceae Endl. 

containing 10 species worldwide (Tomlinson 1986).  

The species of Avicennia are found to grow at 

seaward zone as primary successor in any mangrove 

ecosystem. Amongst the ten worldwide species, only 
three namely, A. alba Blume, A. marina (Forsk.) 

Vierh, and A. officinalis L. are available in Indian 

Sundarbans, world’s most unique mangrove site 

(Naskar and Mandal 1999; Barik and Chowdhury 

2014). All three species of Avicennia are mostly 

utilized for fuel-wood and timber by local people in 

Sundarbans. Beside wood, the leaves of Avicennia 

spp. are also important part for having their 

therapeutic values (Naskar and Mandal 1999). The 

leaf extract of A. marina can inhibit the growth of 

HIV, HSV and DNA viruses and it is exploited more 
than A. officinalis for better antioxidant property 

(Shanmugapriya et al. 2012; Rahele et al. 2013). As 

such, the identification of Avicennia spp. on basis of 

leaf morphology might be explored to exercise on 

leaves for several other aspects. Furthermore, the 

existing database on leaf morphology of Avicennia 

spp. especially the micro morphological features is 

insufficient which also demand for thorough leaf 

physiognomic study of the taxa.  

Leaf physiognomy is an important tool which is 

mainly used by botanists and ecologists to interpret 

ecological variations as well as climatic analyses 
(Bailey and Sinnott 1915; Wolfe 1993, Dilcher 1974; 

Traiser et al. 2004). But its uses as taxonomic tool 

for identifying the plant taxa at non flowering stage 

is underexplored as in most of the cases the 

taxonomists rely on plant twig with flowers for 

identification purpose. The study can also help to 

recognize the fossilized plant species easily as we 

know besides all other plant parts, the leaves are 

mostly preferred to be fossilized due to its chemical 

nature.  

In view to the above, a comparative assessment of a 

number of leaf physiognomic traits of three available 

species of Avicennia L. (A. alba, A. marina, A. 

officinalis) in Indian Sundarbans has been carried out 

by highlighting micro-morphological characters.  

 

MATERIAL AND METHOD  

 
Almost 100 mature leaf samples from each of the 

species that is A. alba, A. marina, and A. officinalis 

were collected from mangrove forest of four different 

sites (Uttar Kashiabad, Jharkhali, Bally island, and 

Kaikhali) belonging to South 24 Parganas district of 

West Bengal, India. The considered macro 

morphological traits for physiognomic study are both 

qualitative (leaf symmetry, shape, size, apex, base, 

margin, mid-vein, texture, and attachment of petiole) 

and quantitative (leaf length, width, area, and length-

width ratio).  
Trichome, salt/foliar gland, other cell types, venation 

(1º vein- size, course, 2º vein- angle of divergence, 

variation, relative thickness, course, behavior of loop 

forming branch, 3º vein- angle of origin, 

arrangement, distribution, no. of highest vein orders, 

quaternary vein, marginal ultimate venation, areole), 

epidermal cell (frequency, size), stomata (type, 

shape, arrangement, guard cell thickening, frequency, 

size, index) were studied as micro morphological 

traits. 

Primarily the specimens were studied by using a 

hand lens. Finer morphological characters were 
studied under incident light microscope (Leica S8 

Apo) following the methodologies recommended by 

Hickey (1973), Dilcher (1974), and Leaf 

Architecture Working Group of Smithsonian 

Institution (1999). 

 

RESULT  

Leaf physiognomic characters of A. alba 

Macro morphology: Symmetry dorsiventral, base 

asymmetrical; shape oblong linear; mesophyll; size 
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length 3-10cm; apex acute; base cuneate acute; 

margin entire (Fig. 1a); mid-vein massive; texture 

coriaceous; attachment of petiole normal (Fig. 1d). 

Micro morphology: Leaf micro morphological 

observation of A. alba shows venation pinnate, 

camptodromous, brochiodromous (Fig. 1g); 10 vein 
size massive (4.91%), course markedly curved (Fig. 

1g); 20 vein angle of divergence-wide, acute (78⁰) 
variation, upper more obtuse than lower, relative 

thickness of 2⁰ moderate, course curved abruptly, 

behaviour of loop forming branch joining supra 

adjacent, secondary at right angles; inter-secondary 

veins simple (Fig. 1j); 30 vein angle of origin lower 

acute upper acute, pattern percurrent, forked, giving 

order to 3 order ramification, inter 3⁰s are parallel to 

each other at some parts of the leaf (Fig. 1j); highest 

vein order showing excurrent branching 3⁰-6⁰, 
quaternary size thick, course random, quinternary 

size thin, course random, marginal ultimate venation 

looped; areole development imperfect, arrangement 

random, shape quadrangular, size large, 1-2mm 

veinlets branched thrice (Fig. 1j); epidermal trichome 

glandular and non-glandular, oil cells present, 

epidermal cell frequency 2167/mm2, size (µm) 

29.5x20.4; Stomata sunken, anomocytic, shape oval, 

size (µm) 35.4x25, guard cell thickening with thick 

hair covering, frequency 141/mm2, index 6.04, 
arrangement irregular (Fig. 1m); salt gland frequency 

higher in 1⁰ and lower in other veins, shape elliptic, 

number of cells 7 (Fig. 1p). 

Leaf physiognomic characters of A. marina 

Macro morphology: Symmetry dorsiventral; shape 

narrow-elliptic; mesophyll; size length up to 10cm; 

apex acute; base obtuse, cuneate; margin entire; mid-

vein stout; texture chartaceous; attachment of petiole 

normal (Fig. 1e).  

Micro morphology: Venation pinnate, 

camtodromous, brochiodromous (Fig. 1h); 10 vein 
size stout, course almost straight; 20 vein angle of 

divergence narrow, acute, variation uniform (almost), 

relative thickness of 2⁰ moderate, course curved 

abruptly, behaviour of loop forming branch joining 

supra-adjacent secondary at right angles (Fig. 1h); 

inter-secondary veins simple (Fig. 1k); 30 vein angle 

of origin lower, upper both acute, pattern random 

reticulate; highest vein order showing excurrent 

branching 3⁰-6⁰, quaternary, size thin, course 

random, quinternary size thin, course random, 
marginal ultimate venation looped; areole 

development imperfect, arrangement random, shape 

quadrangular, size large, 1-2mm, veinlets branched 

thrice (Fig. 1k); Epidermal trichome glandular and 

non-glandular; other cell oil cells; epidermal cell 

frequency 2053/mm2, size (µm) 31.5x26.0; stomata 

sunken, anomocytic, shape oval, size (µm) 

30.5x21.7, guard cell thickening with thick hair 

covering, frequency 254.3/mm2, index 10.3, 

arrangement irregular (Fig. 1n); salt gland shape 

elliptic, number of cells 7 (Fig. 1q), frequency higher 

in 1⁰and lower in other veins. 

Leaf physiognomic characters of A. officinalis 

Macro morphology: Symmetry dorsiventral; shape 

wide elliptic; mesophyll; size length over 10cm; apex 

rounded; base obtuse, cuneate; margin entire; mid-

vein stout; texture chartaceous; attachment of petiole 

normal (Fig. 1f). 
Micro morphology: Venation pinnate, 

craspedodromous, semi-craspedodromous (Fig. 1i); 

10 vein size stout, course straight; 20 vein angle of 

divergence moderately acute, 55⁰, variation upper 

more acute than lower, relative thickness of 

2⁰moderate, course branched, recurved and curved 

uniformly, behaviour of loop forming branch 

enclosed by 2⁰, 3⁰ arches (Fig. 1i); inter-secondary 

veins composite (Fig. 1l); 30 vein angle of origin 
upper right, lower acute, pattern percurrent, sinuous 

in relation to midvein, 3⁰<decreased outward, 

predominantly opposite joining (Fig. 1l); highest vein 

order showing excurrent branching 3⁰-6⁰; quaternary 

size thin, course random, quinternary size thin, 

course random, marginal ultimate venation fimbriate; 

areole imperfect, arrangement random, shape 

irregular, size large, 1-2mm, veinlets branched thrice 

(Fig. 1l); epidermal hairs glandular in both sides non-

glandular in on abaxial side; oil cells present; 
epidermal cell frequency 2106/mm2; size (µm) 

19x16; stomata sunken anomocytic, arrangement 

irregular, shape elliptic, size (µm) 28.7x21.5, guard 

cell thickening dense hair covering on stomata, 

frequency 287.5/mm2, index 12.07 (Fig. 1o); salt 

gland frequency higher in veins, gradually lower in 

veinlets, number of cells 7 (Fig. 1r).  

Comparative assessment  

The detailed observations on leaf physiognomy of A. 

alba, A. marina, and A. officinalis detect a wide 

variability among the characters which mainly exist 

in leaf shape, length, apex, base, texture, venation 
pattern, epidermal cell type, stomatal cell type, 

stomatal frequency, and stomatal  index (Table 1).  

 

DISCUSSION  

 

Earlier, Naskar and Mandal (1999) used only four 

physiognomic traits (leaf shape, size, apex, and 

petiolar length) along with other features like habit, 

stem, flower, and fruit to differentiate Avicennia spp. 

present in Indian Sundarbans. The micro 

morphological details of leaves of the species are not 
emphasized by early workers. As such, the present 

observations on micro morphological characters are 

new of its kind and it will definitely enrich the 

existing database. 

Further, the study depicts 20 more leaf traits for 

consideration in identifying different species of 

Avicennia. The comparative assessment (Table 1) 

shows that the leaf of A. officinalis can easily be 

distinguished from other two species by its length 

(more than 10cm), apex (rounded), inter secondary 

vein (composite), marginal venation (fimbriate), 

areole shape (irregular), small epidermal cell size 



JOURNAL OF PLANT DEVELOPMENT SCIENCES VOL. 9 (12) 1083 

(19.0x16.0μm), different stomatal shape (elliptic), 

more stomatal frequency (288/mm2) and index 

(12.07). Oblong-linear leaf shape, somewhat smallest 

leaf length (3-10cm), massive primary vein size, and 

thick quaternary vein size, lowest value of stomatal 

frequency (141/mm2) and stomatal index (6.04) are 

the features uniquely present in leaves of A. alba.

          

Table 1. Variations in leaf physiognomic traits in three Avicennia spp. available in Indian Sundarbans  
Leaf Physiognomic Traits Plant Species 

Avicennia alba Avicennia marina Avicennia officinalis 

Leaf shape Oblong-linear Narrow-elliptic Wide-elliptic 

Leaf length 3-10cm up to 10cm Over 10cm 

Leaf apex Acute Acute Rounded 

Leaf base Acute Obtuse Obtuse 

Leaf texture Coriaceous Chartaceous Chartaceous 

Venation Pinnate, camptodromous, 

brochiodromous 

Pinnate, camptodromous, 

brochiodromous 

Pinnate, craspedodromous, semi-

craspedodromous 

1° vein size Massive (4.91%) Stout Stout 

1° vein course Markedly curved Almost straight Straight 

2° vein angle of divergence Wide, acute (78°) Narrow, acute Moderately acute (55°) 

2° vein course Curve abruptly Curve abruptly Branched, re-curved and curved 

uniformly 

Behavior of loop forming branch 

of 2° vein 

Joining supra-adjacent Joining supra-adjacent Enclosed by 2°, 3° arches 

Inter secondary veins Simple Simple Composite 

3° vein angle of origin Upper and lower acute Upper and lower acute Upper right, lower acute 

3° vein pattern Precurrent, forked giving 3 order 

remification 

Random reticulate Precurrent, sinuous in relation to 

mid vein 

Quaternary vein size Thick Thin Thin 

Marginal ultimate venation Looped Looped Fimbriate 

Areole shape Quadrangular Quadrangular Irregular 

Epidermal cell size (μm) 29.5x20.4 31.5x26 19.0x16.0 

Epidermal cell frequency (/mm
2
) 2167 2053 2106 

Stomatal shape Oval Oval Elliptic 

Stomatal size (μm) 35.4x25 30.5x21.7 28.7x21.5 

Stomatal frequency (/mm
2
) 141 254 288 

Stomatal index 6.04 10.3 12.07 
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FIGURE LEGEND 

(Fig. 1a-c) Habit of Avicennia spp. (a) A. alba; (b) A. marina; (c) A. officinalis; (Fig. 1d-f) Macro morphology 

of Avicennia spp.  (d) A. alba; (e) A. marina; (f) A. officinalis; (Fig. 1g-l) Vein architecture of  Avicennia spp.  

(g, j) A. alba; (h, k) A. marina; (i, l) A. officinalis; (Fig. 1m-o) Sunken stomata on epidermal layer of Avicennia 

spp.  (m) A. alba; (n) A. marina; (o) A. officinalis; (Fig. 1p-r) Salt gland on epidermal layer of Avicennia spp.  
(p) A. alba; (q) A. marina; (r) A. officinalis 

 

CONCLUSION 

 

Detailed leaf physiognomy analyses could be utilized 

successfully as taxonomic tool for identification of 

both living as well as fossil plant taxa.      
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