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ABSTRACT 

The present investigation was carried out on four species of Terminalia namely T. arjuna, T.belerica, T. chebula 

and T. myriocarpa to study variations in their wood elements. It was observed that all selected species of Terminalia had 

diffuse porous wood with indistinct growth rings in T.arjuna and T. chebula and distinct growth rings in T. belerica and T. 

myriocarpa. Homocellular rays were present in all selected species of Terminalia except T.arjuna. Axial parenchyma was 

aliform, confluent in both T. arjuna and T.belerica, lozenge aliform in T. myriocarpa and vasicentric in T. chebula. Tissue 

proportion measurements of different wood elements showed maximum percentage of fibres and minimum of vessels in all 

selected species of Terminalia. Mean minimum and maximum vessel diameter, vessel element length, vessel lumen 

diameter, fibre length, fibre diameter, fibre wall thickness, ray height , ray width and intervessel pits were recorded as 

122.05±23.4µm (T.arjuna) to 216.5±54.43 µm (T.myriocarpa),310.2 ± 125.4µm (T.arjuna)to 482.0±125.8 µm 

(T.chebula), 10.4±3.0 µm (T. chebula) to 27.8±4.9 µm (T. myriocarpa),162.5 ± 273.9 µm  (T.chebula) to 1176.0 ± 263.3 

µm (T.arjuna), 125.4 ± 40.5 µm (T.chebula) to 256.9 ± 59.4 µm (T. myriocarpa), 1.8 ± 0.8 µm (T. chebula) to 2.3 ± 0.9 

µm (T.arjuna),179.2 ± 60.5 µm (T.myriocarpa) to 251.8 ± 97.6 µm (T. chebula) , 23.2 ± 5.8 µm (T. belerica) to 27.7 ± 6.0 

µm (T. chebula),7.62 ± 1.52 µm (T. belerica) to 13.9 ± 9.2 µm (T. myriocarpa). Minimum and maximum vessel frequency 

were observed as 2 per mm 
2
(T. myriocarpa) and 14 per mm

2
 (T. chebula), while minimum and maximum rays per mm 

were observed as 8 per mm and 16 per mm
 
in all selected species of Terminalia except T. myriocarpa. Tyloses were 

observed only in T. myriocarpa.  Analysis of variance showed that significant differences exist among wood element 

dimension of all selected species. Fibre length showed positive and significant correlation with vessel length and wood 

density and negative and significant correlation with fibre diameter but a non significant and negative correlation with fibre 

wall thickness. 
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INTRODUCTION 

Genus Terminalia L. belongs to the family Combretaceae and comprises of about 250 species of large to very 

large trees. It is widely distributed in the tropical and sub tropical regions of the world. In India 24 species of Terminalia 

have been reported (Srivastav, 2003). The fruits and bark of Terminalia species are important sources of tannin. The bark 

of T. arjuna and fruits of T. chebula and T. belerica are used as medicine. In addition they are rich source of tannins .The 

wood of Terminalia species is highly appreciated as constructional timber. It is mainly utilised for door and window 

frames, furniture, agricultural implements, blockboard, veneer, plywood etc (Purkayastha, 1992). 

A perusal of literature reveals that wood anatomical studies on Indian Terminalia species have been made by 

number of workers (Gamble 1922;Pearson and Brown 1932, Rao and Purkayastha 1972 ), Rajput and Rao(1999) reported 

presence of nucleated fibres in T. belerica, T.chebula, T.arjuna and T. tomentosa. Gupta and Singh (2005) made their 

studies on Terminalia species from the wood samples of FRI xylarium collected from different parts of India and abroad as 
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well and made identification key on the basis of ultrastructure and microstructure. The present study has been made to 

study variation in dimensions of wood elements among Terminalia species of Assam. 

MATERIALS AND METHODS 

Wood samples of four species of Terminalia namely T. arjuna, T. belerica, T.chebula and T.  myriocarpa were 

collected from Poba, Jiadhal, Subansiri and Bishnupur reserve forest division of Dhemaji district. It is geographically 

situated between 940 12'18"E and 950 41'32"E longitude and 270 05'27" N and 270 57'16" N latitude, lying at an altitude of 

104m above the mean sea level (“Fig 1”). 

The wooden blocks of approximately dimensions of 5 × 5× 5 cm were taken at breast-height and each wooden 

block was cut into 2 cm3 size and fixed in FAA for 24-48h, after which they were preserved in 50% alcohol. Cross, Radial 

longitudinal section and Tangential longitudinal sections were cut with the help of a sliding microtome. The slides were 

prepared by staining the sections in autostainer as per standard procedure. Small radial slivers of different Terminalia 

species were macerated with Franklin’s solution for fiber and vessel length measurements.Temprory slides were made by 

using 50% glycerol and a random sample of 50 fibres and 50 vessels were measured with the help of an ocular micrometre. 

25 counts were measured for each parameter for tangential and radial diameter of vessel, fibre diameter, lumen diameter, 

fibre wall thickness, ray height, and ray width. For tissue proportion, vessel frequency, number of rays per mm, 10 fields 

were selected on cross-section. The data was analysed by Software Statistica 6. The terminology and measurements were 

taken according to IAWA Committee (1989). 

 

Figure 1: Location Map of Study Area 
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RESULTS AND DISCUSSIONS 

The present study showed that all selected species had distinct heartwood and sapwood except T.belerica. The 

colour of the sapwood varied from pale grey to reddish white and heartwood colour varied from greyish brown to dark 

brown with darker streaks. The gross and physical features of the Terminalia species were shown in the “Table 1”.The 

anatomical features of Terminalia species were shown in the (“Figures 2-3”). In all selected species, wood were diffuse 

porous. Growth ring boundaries were indistinct in T. arjuna and T. chebula (“Figure 2”) and distinct due to presence of 

thick walled fibres in T. bellerica and T. myriocarpa (“Figure 2”). Vessels were solitary and in radial multiples of two to 

three, vessel perforations were simple. Intervessel pits alternate, vestured pits present. Vessel frequency varied from 2-14 

vessels per square mm. Fibres were thin to thick walled. Septate fibres present except T. chebula. Rays were fine to very 

fine, uniseriate occasionally biseriate. Rays homocellular and were composed of procumbent cells in all selected species 

except T. arjuna in which rays were heterocellular and were composed of both procumbent and square cells. Parenchyma 

vasicentric (T. chebula), lozenge aliform (T. myriocarpa) and confluent in T.arjuna and T. belerica. Parenchyma strand 

were 3-4 celled. Prismatic crystals present in parenchyma in all species except T. chebula. These were also present in ray 

cells of T. myriocarpa.The present study differs slightly from the findings of Gupta and Singh (2005). They report both 

distinct and indistinct boundaries in T. chebula and T. belerica whereas in the present study only distinct growth ring 

boundaries were observed in T. myriocarpa and T. belerica. Also, only vasicentric parenchymas were present in T. 

chebula. The differences in anatomical features may be due to their study conducted on wood samples collected from 

different habitats, while our study is restricted on the samples collected from same habitat.  

Inter species variation in wood elements was presented in the Tables 2”. Mean minimum and maximum vessel 

diameter were recorded as 122.05 ± 23.4 µm (T.arjuna) to 216.5 ± 54.43 µm (T.myriocarpa) while the mean minimum and 

maximum value for vessel element length, vessel lumen diameter are 310.2 ± 125.4µm (T.arjuna)to 482.0 ± 125.8 µm 

(T.chebula), 10.4 ± 3.0 µm (T. chebula) to 27.8 ± 4.9µm (T. myriocarpa). Mean minimum and maximum values for fibre 

length, fibre diameter, fibre wall thickness were recorded as 162.5 ± 273.9 µm  (T.chebula) to 1176.0 ± 263.3 µm 

(T.arjuna), 125.4 ± 40.5 µm (T.chebula) to 256.9 ± 59.4 µm (T. myriocarpa), 1.8 ± 0.8 µm (T. chebula) to 2.3 ± 0.9 µm 

(T.arjuna). Mean minimum and maximum ray height and ray width were 179.2 ± 60.5 µm (T.myriocarpa) to 251.8 ± 97.6 

µm (T. chebula) and 23.2 ± 5.8 µm (T. belerica) to 27.7 ± 6.0 µm (T. chebula). Mean minimum and maximum intervessel 

pits were recorded as 7.62 ± 1.52 µm (T. belerica) to 13.9 ± 9.2 µm (T. myriocarpa).Tissue proportion of various wood 

elements showed maximum percentage of fibre (36.36-43.63%) and  minimum percentage of vessel (11.81-17.27%) in all 

selected species of Terminalia (“Table 3”).Vessel frequency varied from 2.25 per mm
2
 in T. myriocarpa to 14.25 per mm

2 
 

in T. chebula Also rays per mm varied from 8.32 per mm to 16.64 per mm in all selected species except T.myriocarpa. All 

species of Terminalia showed presence of simple perforation plate. Intervessel pitting varied from 7.8 µm in all selected 

species to 41.6 µm   in T. myriocarpa. 

Analysis of variance among different species of Terminalia showed that all species of Terminalia had statistically 

significant differences in their wood elements namely fibre length, fibre diameter, fibre wall thickness, vessel lumen 

diameter, vessel length, and vessel diameter, ray height, ray width  and wood density (“Table 4”).The present study was in 

confirmation with the findings of other workers ( Pande et al 2005, 2007, Sharma et al 2011a,b) who report the same 

results for other hardwood species, which indicated that these Terminalia species can also be differentiated on the basis of 

quantitative variations in various dimensions of wood elements.      

 Pearson’s correlation was carried out to see the relationship between different wood element parameters of 

Terminalia species. The results presented in (“Table 5”) showed that fibre length existed significant and positive 
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correlation with vessel length and wood density. There was negative and significant correlation between fibre length and 

fibre diameter but a non significant and negative correlation with fibre wall thickness. The present results were in 

confirmation with the findings of Pande et al (2007) who obtained the similar results for Shorea species. The present study 

showed that the wood elements were correlated to each other for few parameters. 

CONCLUSIONS 

The selected Terminalia species had both distinct (T. belerica and T. myriocarpa) and indistinct growth rings (T. 

arjuna and T. chebula). Parenchyma was vasicentric in T. chebula, lozenge aliform in T. myriocarpa and confluent in both 

T. arjuna and T. belerica. Prismatic crystals were present in ray and parenchyma. Rays were mostly uniseriate and 

occasionally biseriate. Rays were composed of procumbent cells except T. arjuna in which both procumbent and square 

cells/upright cells were present. Septate fibres were present in all selected species except T. chebula. Wood parameters 

namely fibre length, fibre diameter, fibre wall thickness, vessel length, vessel diameter, vessel lumen diameter, ray height, 

ray width and wood density showed  statistically significant differences among different Terminalia species. Fibre length 

showed positive and significant correlation with vessel length and wood density and negative and significant correlation 

with fibre diameter but a non significant and negative correlation with fibre wall thickness.  
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APPENDICES 

Table 1: Physical Features of Terminalia Species 

 

Species Colour of Wood Hardness Heaviness Grain Texture 

T. arjuna Reddish white Hard Heavy Interlocked grain Course texture 

T. belerica Creamy yellow 
Moderately 

hard 

Moderately 

heavy 
Straight grain Course texture 

T. chebula 
Pale brownish 

grey 
Very hard 

Very 

heavy 
Interlocked grain 

 Medium to fine 

texture 

T. myriocarpa Pale grey 

Soft to 

moderately 

hard 

Light to 

moderately 

heavy 

Straight grain Course texture 

 

Table 2: Vessel and Fibre Dimensions Variations in Terminalia Species 

 

Name T. arjuna T. bellerica T. chebula T. myriocarpa 

Vessel length range (µm) 

Mean±SD 

179.4- 589.7 

(310.2±125.4) 

230.7- 692.2 

(348.7±108.4) 

179.4- 717.9 

(482.0±125.8) 

256.4- 769.2 

(388.8±3.6) 

Vessel diameter  range(µm) 

Mean±SD 

109.35- 203.15 

(122.05±23.4) 

161.45- 296.95 

(187.65±37.45) 

119.8- 213.5 

(146.0±22.1) 

213.6- 416.8 

(216.5±54.45) 

Fibre length range (µm) 

Mean±SD 

641-1666.6 

(1176.0±263.3) 

794.8- 1461.4     

(1130.7±193.3) 

1153.8- 210.4 

(162.5±273.9) 

743.5- 1717.8 

(991.4±215.5) 

Fibre diameter range (µm) 

Mean±SD 

131.5-263.1 

(160.4±28.1) 

131.5- 263.1 

(171.0±37.9) 

78.9- 236.7 

(125.4±40.5) 

236.7- 447.2 

(256.9±59.4) 

Fibre wall thickness range 

(µm) Mean±SD 

1.3-3.9 

(2.3±0.9) 

1.3-5.2 

(2.1±0.9) 

1.3- 2.6 

(1.8±0.8) 
1.3- 5.2 (2.2±1.4) 

Ray height range (µm) 

Mean±SD 

145.8-489.7 

(242.4±84.2) 

187.5-448.0 

(209.4±69.7) 

104.2-510.5 

(251.8±97.6) 

125.0-375.1 

(179.2±60.5) 

Ray width range (µm) 

Mean±SD 

20.8-41.6 

(26.7±5.1) 

20.8-41.6 

(23.2±5.8) 

31.2-41.6 

(27.7±6.o) 
20.8-52.1 (23.2±6.3) 

Intervessel pitting      range 

(µm) Mean±SD 

7.8-2.6 

(9.62±4.63) 

7.8-13 

(7.62±1.52) 

7.8-15.6 

(8.40±2.63) 
7.8-41.6 (13.9±9.2) 

 

Table 3: Tissue Proportion Measurements of Terminalia Species 

 

Species Fibre (%) Vessel (%) Ray (%) Parenchyma (%) 

T.arjuna 43.63 11.81 26.36 18.18 

T.bellerica 39.09 17.27 17.27 26.36 

T.chebula 39.09 20 25.5 18.2 

T.myriocarpa 42.72 17.27 11.81 28.18 

 

Table 4: Analysis of Variance for Selected Parameters among Different Species of Terminalia 

 

Dependent Variables Sum of Squares Df MSS F Value P Value 

Fibre length 4583111 3 1527704 26.070 0.0000* 

Fibre diameter 535685 3 178562 96.312 0.00* 

Fibre lumen diameter 4449.36 3 1483.12 111.8 0.00* 

Fibre wall thickness 77.8067 3 25.9356 26.9862 0.0000* 

Vessel length 281812 3 93937 6.608 0.0004 * 

Vessel diameter 349599 3 116533 106.112 0.00* 

Ray height 63438 3 21146 3.36 0.021* 

Ray width 408.25 3 136.08 3.978 0.010* 

Wood density 0.07965 3 0.02655 27.05 0.0000* 

                         *Means are significantly different at 0.05 levels 
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Table 5: Pearson Correlation for Wood Anatomical Properties of Terminalia Species 

 

 
FL FD FWT VL VD Density 

FL 1 -0.42* -0.21 0.23* 0.11 0.36* 

FD -0.42* 1 -0.1 0.22 -0.26* -0.61 

FWT -0.21 0.47* 1 -0.1 -0.18 -0.06 

VL 0.23* 0.22 -0.1 1 -0.03 0.2 

VD 0.11 -0.26 -0.18 -0.03 1 -0.43* 

Wood Density 0.36* -0.61 -0.06 0.2 -0.43* 1 

                                *Correlation is Significant at the 0.05 Level 

 

Figure 2: “A-H” C.S. of T. arjuna, T.belerica, T. chebula and T. myriocarpa. Growth Rings Distinct with Thick 

Walled fibres in T.belerica(B) & T. myriocarpa(D) and indistinct in T.arjuna(A)& T.chebula(C), Wood Diffuse 

Porous, Vessels Solitary and in Radial Multiples of 2-3 in all the Above Species, Parenchyma Aliform, Confluent in 

T.arjuna(E) & T.belerica(F),vasicentric in T. chebula(G) & lozenge aliform in T.myriocarpa(H) Crystals Present in 

Axial parenchyma (E and F) 

 

Figure 3:“I-R”T.L.S of T. arjuna, T. belerica, T. chebula & T. myriocarpa. Rays Mostly Uniseriate(I-L), 

Intervessel Pits Alternate(M), R.L.S. Homocellular Ray Made up of Procumbent Cells only(N,P,Q,R), and 

Heterocellular Ray Made Up of Procumbent and Square Cells (O)    


