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Wood Anatomy Of Albiziaprocera Correlation 
Between Tropical And Subtropical From Different 

Geographical Zones Of Indian Subcontinent 
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ABSTRACT: Wood, being a natural material is very variable. This variability is attributed mostly to variations in the anatomical structure of wood. This 

investigation was carried out as part of a long term program which aims at finding quantitative analysis of wood microstructure. This type of quantitative 

analysis facilitates the establishment of relationships between different microscopic feature wood anatomy such as vessels diameter, wood specific 
gravity, vessels frequency, vessels length, ray height, ray seriate, ray frequency, fiber diameter, fiber length, type of parenchyma and cell wall thickness 
etc. Albiziaprocerahas found throughout of India as well as sub continent. The present study deals with microstructure ofAlbiziaproceraunder this 
experiment sample was take from 22 localities. The results revealed significant differences in most microscopic feature between localities, as well as 
correlations between many of microscopic feature. The obtained mathematical models relating locality to anatomical properties indicated that the most 
important anatomical properties affecting wood structure as well as variation of wood were: vessel diameter, diameter of parenchyma cells, lumen 
fraction and diameter of fibre lumen.The high values that were for index the greater degree mesomophis nature of wood and conductive 
efficiencyAlbiziaprocerathe entire has large vessel with few vessel per unit area indicating a preference for conductive efficiency whether they have 
mesic or xeric ecology. This is tree highly Ecological adaptability in temperate tropical and subtropical because vulnerability and mesomorphy relation is 
positive. 
 
Key words: Albiziaprocera, vessels diameter, fibre walls, septate fibres, parenchyma, Ray, specific gravity,microscopicfeature, vulnerability, 
mesomorphyandwood variation. 

———————————————————— 

 

INTRODUCTION 
In India region the Mimosoideae are represented by 11 
genera attaining tree size. Mimosoideae is including genera 
Acacia, Adenanthera, Albizia, Dichrostachys, Parkia, 
Piptadenia, Pithecellobium, Prosopis, Xylia, . Albizia a 
genus containing over 100 species mostly moderate size 
unarmed trees(Ali,S.I. 1973). About 16 species are 
indigenous to India and Burma of which wood of nine are 
dealt with here. Besides these species are including 
Albiziaamara, A. lebbek, A. julibrissin, A. lucida, A. 
odoratissima, A.procera, A.stipulata,and A.thompsoni, ect  
(S. Dasgupta, IFS.1998). Albiziaprocerais a large 
deciduous tree with a tall erect stem and a somewhat light 
crown. It is found throughout the sub Himalayan tract from 
Yamuna eastward and all over Assam ascending to 750m 
in khasiand aka hill. The tree occurs chiefly in moist places. 
Along river banks and in swampy lands and low lying 
savannahs such as the duars of Bengal and Assam. It is 
also distributed throughout central and south India reaching 
up to 600m in Travancore. It is also found in north 
Andaman’s and Burma. The tree is often planted in the 
Punjab and elsewhere and as roadside tree throughout. (K. 
Ramesh Rao and S. K. Purkayastha 1972). Albiziaprocerais 
a fairly large deciduous straight stemmed tree often 
branching at a considerable height with large branches and 
around head usually attaining a height of 18-24m and a 
girth of 1.2 to 1.5m, oblique, oblong ovate or rhomboid 
oblong (Luna, R.K. 1997).  
 
 
 
 
 
 
 
 
 

Flowers greenish yellow in peduncle usually in reddish 
brown flat elliptical to nearly orbicular hard smooth 
dehiscent seed 6-12 flat elliptical hard greenish brown with 
a hard leathery testa (Arpita Banerjee, ArijitSinhababu, Rup 
Kumar Kar and Mandal 2004). The timer is moderately 
heavy to heavy and strong. Specific gravity 0.579 Based on 
weight oven dry and 12% moisture content in K.G. 641 per 
cubic meter. (Bolzo, keating 1972) Shrinkage percentage 
green to oven dry in different section radial 3.1%, tangential 
6.9% and volumetric 8.8%. Static bending test (i) Modulus 
of rupture kg/cm2, green 936.80 kg/cm2 and air-dry 
1023.90 kg/cm2 (ii) Modulus of elasticity kg/cm2, 
green90.200 kg/cm2 and air-dry 10900 kg/cm2 (Gamble, 
J.S. 1959). Albiziaprocera, one of the economically 
important sapwood is wide and white, heartwood golden 
brown with lighter and darker streaks. It’s slightly light in 
weight, the strong elastic and head (Synder, 1948 
Inkollonea, F.F.P. and Ctew, A. 1984). Timer is reported to 
stronger than Burma teak. Furniture and cabinet making, 
House building, Motor lorry and bus bodies, Packing cases 
and crates, Railway sleeper, Tool handle and helves, Toys, 
turnery and carved article, Veneers plywood(Purkayastha, 
S.K. 1996). Although a considerable amount of anatomical 
of anatomical data is available of Albiziaprocera, limited 
attempt have been made to distinguish species wood 
anatomically within locality (Laximi Chauhan and R. 
dayal1985 IAWA Bulletin). In this work, a microscopic 
feature of wood study of complete based on locality of wood 
and climate condition, the region have been divided into two 
categories viz. tropical and sub-tropical .(Barettakuiperrs, T. 
1981) The study was aimed to affect of climate on anatomy 
of wood in different localities, which have wood elements 
change according to climate condition and adaptability of 
tree in their climate (Baas, Ewers, Davies and Wheeler 
2004). The investigated wood sample selected from 
different localities and it is found throughout of subcontinent 
of India.Enumeration of diagnostic feature of anatomy, in 
this investigated of three surface of wood viz. transverse 

___________________________ 
 

 Vikram Singh Meena, Sangeeta Gupta 

 Wood Anatomy Discipline, Botany Division and 
Forest Research Institute UniversityDehra dun, India 



INTERNATIONAL JOURNAL OF SCIENTIFIC & TECHNOLOGY RESEARCH VOLUME 3, ISSUE 5, May 2014       ISSN 2277-8616 

2 
IJSTR©2014 
www.ijstr.org 

section, tangential and radial longitudinal section these are 
following.Growth ring, Vessels porosity, Vessels 
arrangement, Vessels grouping, Vessels outline, Gum 
deposits, Axial parenchyma, Fibre wall thickness, 
Perforation plate, Inter-vessel pit arrangement, Uniseriat 
ray, Multiseriat ray , Parenchyma strand, Rays cellular 
composition, Vessels ray pitting,  Ground tissue fibre, 
Septate& non septate fibre, Vestured pit, Mineral inclusions, 
The vessel cross-sectional diameter , The vessel 
frequency, The ray vessel pit, The inter-vessel pit , The 
uniseriat ray height, The mutiseriat ray height,The ray width 
and The ray frequency as follow the IAWA, Committee 
1985, list of microscopic feature for hard wood 
identification. Wood, being a natural material is very 
variable (Thobayet, 1996).This variability is attributed 
mostly to variations in the anatomical structure of wood 
(Herenden, and Miller, 2000). This investigation was carried 

out as part of a long term program which aims at 

finding relationship between anatomical properties and 
other wood properties and usedthis relationship for 
predicting these properties from anatomical properties (Ifiu, 
1983). The wood species used in this study 
includedAlbiziaprocera. The investigation revealed 
significant differences between wood species with respect 

to most of their anatomical properties. It also showed some 

high positive and negative correlations between various 
anatomical properties (Tageldin H.  Nasroun and Thobayet 
S. Alshahrani,1998.) The results revealed significant 
differences in most properties between species, as well as 
correlations between many of these properties (Steele, Ifiu 
and Johson 1976). The obtained mathematical models 
relating shrinkage to anatomical properties indicated that 
the most important anatomical properties affecting 
shrinkage were: vessel diameter, diameter of parenchyma 
cells, lumen fraction and diameter of fiber lumen (Nasroun, 
T.H.I and AI.Shahrani, T.S. 1998). The size, distribution and 
frequency of vessels, fiber and ray have been reported to 
be specific to climate as well as locality and the anatomical 
characters are very significant parameter inAlbiziaprocera. 
The present revealed the microscopic feature of the wood 
have considerable variability value in different locality of 
these investigated effect of climate consideration to their 
locality (Chauhan, and Dayal, 1985. Wheeler, Baas, and 
Roodgers, 2007).  
 

MATERIALS & METHOD 
The studies was based on examination of 220 wood 
samples Albiziaproceracollected from 22 localities that is 
available in the xylarium of FRI, Dehradun. The all 
specimens were taken to mature tree from heart wood 
portion and that specimens were collected from lowland 
forest and montane forest. The age of sample tree was 
between 30 to 40 year 10 samples collected from each 
locality. The details of the specimens are given in table 1 
along with the accession number, locality and available 
information.For microscopic examination 15-20μm thick, 
radial and tangential sections were cut on Reichert 
microtome. The section were stained in Heidenhain’s 
haematoxylin and safranine and laboratory schedule i.e. 
passing through grades of alcohol (10-100%) and xylol for 
making permanent slides. For determination of fibre and 
vessel length, small radial chips were macerated following 
Schultz’s method (30% Nitric acid and a pinch of potassium 

chlorate). The macerate material was wash thoroughly with 
water to remove acid. Data on fibre length, vessel length, 
fibre diameter and lumen diameter were taken from 
macerated material mounted in glycerin water (50:50). 
Thirty measurements were taken for each parameter. The 
average tangential diameter of the vessel was determined 
from 10 measurements from transverse section taken along 
the radial direction. The frequency of vessel was 
determined from average of 10 counts per mm2 area. The 
ray frequency is based on an average of 10 counts in mm2 
area in tangential sections. Maximum ray height and width 
is also determined from tangential section. Wood anatomy 
and fibre biometry was studied according to IAWA (12). 
While describing the vessel and fibre length the 
classification given by Metcalfe and chalk (1950) has been 
adopted; i.e. when the mean length of vessel member is 
less than 350μm, it is described as short and when the 
mean length is over 800 μm, it is termed as long. Similarly 
fibre less than 900 μm, in length are described as short and 
those over 1600 μm, as long. Ecological adaptability, 
vulnerability and mesomorphy of temperate tropical and 
subtropical tree were evaluated by using the following 
formulae.  
 
Vulnerability = Mean vessel diameter 
 
Mean vessel frequency 
 
Mesomorphy = Vulnerability x Mean vessel length  
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TABLE1:- Tabular information of 22 localities 
 

RESULTS  
 

Ecological Trends 
The variation in wood anatomy with in a locality is not only 
determined by genetic factors but also influenced by 
external and growth circumstances especially climate and 
location. In this section, correlation between selected wood 
anatomical features with provenance (tropical versus 
subtropical) have been explored. 
 

Correlation with macroclimate 
The correlation between macroclimate and wood anatomy 
was simplified by distinguishing between tropical and 
subtropical because the geographical information on most 
of the sample studied was limited. 
 

Tropical and Subtropical: Qualitative feature 
The growth ring is distinct to indistinct generally 
inconspicuous, delimited by flattened latewood fibre 
scattered to fairly continuous line of parenchyma. Some 
semi ring porosity for example Andaman’s (506), 
Bangladesh (7422), Burma (6525), Dehra Dun (5312), 
Darjeeling (4763) and Jaipaiguri (7365). 
 

Tropical and Subtropical: Quantitative feature 
The analysis of the quantitative feature of Albiziaprocera 
shows that there is some variation in various wood element 
dimensions. The vessel diameter ranges from 122.58-
214.94 µm. The vessel frequency ranges from 2-4. The ray 
width ranges from 19.71-49.68 µm. The vessel length 
ranges from 284-436 µm. The fibre diameter ranges from 
21.28-26.80 µm. The Multiseriat ray height ranges from 
171.45-344.76 µm. 
 

Vessel frequency and vessel diameter 
The highest vessel frequency value 4/mm

2
 was found in 

Bangladesh and Burma while the lowest value 2/mm
2 

was 
found in Darjeeling, West Bengal. Similarly, maximum 
vessel diameter value 214.49 µm was found in Darjeeling, 
West Bengal and minimum vessel diameter value 122.58 
µm was found in Buxa, Bengal. 
 

Fibre length and vessel length 
The highest vessel length value 1532.40 µm was found in 
Bangladesh while the lowest value 988 µm was found in 
Tezpur Assam. Similarly, the highest vessel length value 
436 µm was found in Darjeeling, West Bengal while the 
lowest vessel length value 288µm Buxa Bengal and east 
Assam. 
 

Vulnerability and Mesomorphy 
Vulnerability and Mesomorphy are two indices proposed by 
carlquist (1977) as ecologicalfactor for variation in wood 
anatomy. A low value of vulnerability (1.0) and mesomorphy 
(75) indicate adaptation to xeric condition i.e. capability of 
with standing water stress or freezing and high value. Of 
vulnerability (1.0-25) and mesomorphy (>200) show 
adaption to mesiccondition.In the Albiziaprocera study 
vulnerability in tropical the maximum 85.104 in Bangladesh 
and the minimum 30.645 in Burma, mesomorphy in tropical 
the maximum 31999.104 in Bangladesh and minimum 
10970. The vulnerability in the subtropical the maximum 
66.93 in Nowgong, Assam and minimum 36.24 in Tezpur, 

S.
N 

AV Locality Forests type   

1. 220 
GARHWAI, 
U.P. 

Subtropical forest with 
montane  

2. 326 BURMA 
Tropical forest with 
lowland  

3. 506 ANDAMAN 
Tropical forest with 
lowland 

4. 811 BURMA 
Tropical forest with 
lowland 

5. 949 
EASTERN 
DUOR ASSAM 

Subtropical forest with 
montane 

6. 1263 
TEZPUR 
ASSAM 

Subtropical forest with 
lowland  

7. 1955 
BANGLA 
DESH 

Tropical forest with 
lowland 

8. 2194 
NOWGONG 
ASSAM 

Subtropical forest with 
montane 

9. 2247 ANDAMAN 
Tropical forest with 
montane  

10. 2361 
DARJEELING,
WB 

Subtropical forest with 
montane 

11. 2527 BURMA 
Tropical forest with 
montane 

12. 3004 
GARHWAI, 
U.P. 

Subtropical forest with 
montane 

13. 4441 ANDAMAN 
Tropical forest with 
montane 

14. 4763 
DARJEELING,
WB 

Subtropical forest with 
montane 

15. 5312 DEHRADUN 
Subtropical forest with 
montane 

16. 5777 SIWALIKS,UP 
Subtropical forest with 
montane 

17. 6525 BURMA 
Tropical forest with 
lowland 

18. 7294 
NOWGONG 
ASSAM 

Subtropical forest with 
montane 

19. 7365 
JALPAIGURI,
WB 

Subtropical forest with 
montane 

20. 7422 
BANGLA 
DESH 

Tropical forest with 
lowland 

21. 7542 
KURSEONG,
WB 

Subtropical forest with 
montane 

22. 7559 
 
BUXA,BENGA
L 

Tropical forest with 
montane  
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Assam, mesomorphy in subtropical the maximum 
24800.680 Nowgong, Assam and minimum 12034.17 in 
Tezpur, Assam. The vulnerability in temperate the 
maximum 78.84 in Darjeeling,West Bengal and minimum 
51.84 in Garhwal, mesomorphy in temperate the maximum 
34374.24 in Darjeeling, West Bengal and minimum 15552 

in Garhwal. Albiziaprocerathe entire has large vessel with 
few vessel per unit area indicating a preference for 
conductive efficiency whether they have mesic or xeric 
ecology. This is tree highly Ecological adaptability in 
temperate tropical and subtropical because vulnerability 
and mesomorphy relation is positive.  

 
TABLE: 2 Quantitative wood anatomy features of Albiziaproceraaccording to locality 

 

S.N AN Locality VF
 

VL VD IVP FL
 

FD  
FCW
T 

Sp. 
Gr. 

1 DDW 4441 Andaman’s 3.5 329 207.09 9.45 1238.8 24.6 2.756 0.62 

2 DDW7559 Buxa,Bengal 3.5 288 159.3 10.26 1245.6 24.4 2.643 0.63 

3 DDW506 Andaman’s 3 343 198.77 7.29 1092 21.28 3.431 0.58 

4 DDW2247 Andaman’s 3 361 162.54 8.91 1126 23.8 3.072 0.56 

5 DDW7422 Bangaladesh 4 288 201.42 8.91 1243.6 25.4 3.020 0.78 

6 DDW329 Burma 4 358 122.58 9.18 1326 22.6 2.864 0.58 

7 DDW2527 Burma 4 383 183.06 10.26 1365.6 26.8 2.708 0.60 

8 DDW6525 Burma 3 336 184.14 9.18 1280.4 23.5 2.760 0.62 

9 DDW811 Burma 3 372 204.44 8.91 1366 26 2.708 0.73 

10 DDW1955 Bangaladesh 2.5 376 212.76 9.18 1532.4 22.9 2.708 0.77 

11 DDW7542 Kurseong,W.B 3.5 354 145.8 9.72 1275.6 21.7 2.656 0.70 

12 DDW949 East assam 4 354 208.98 8.64 1376.4 21.5 2.968 0.69 

13 DDW1263 Tezpur,assam 4 332 144.99 9.72 988 21.49 2.916 0.72 

14 DDW2194 
Nowgong,assa
m 

2.4 361 160.65 9.99 1346.8 22 2.812 2194 

15 DDW5312 Dehradun 3.5 288 200.88 10.26 1046.4 24.8 2.656 0.71 

16 DDW7294 
Nowgong,assa
m 

2.5 374 165.78 8.91 1195.2 24 2.864 0.62 

17 DDW2361 
Darjeeling,W.B
. 

2.5 436 197.1 9.45 1280 23.5 3.072 0.55 

18 DDW3004 Garhwal, 2.5 369 183.6 9.72 1016.4 21.38 3.177 0.58 

19 DDW4763 
Darjeeling,W.B
. 

3 284 214.94 8.91 1332.8 22.9 2.812 0.70 

20 DDW7365 
Jaipaiguri,W.B
. 

3 384 210.56 9.18 1151.6 24.7 2.812 0.63 

21 DDW220 Garhwal U.K. 3.5 300 181.44 8.91 1227.6 22.5 2.838 0.64 

22 DDW5777 Siwaliks 2.5 314 161.73 9.72 1310.4 21.7 2.786 0.58 

Note: - AN= Accession number; VF = number of vessels/mm
2 
;VL = mean vessel length (µm); VD = mean vessel diameter (µm); 

IVP = inter vessel pit (µm); FL = fibre length (µm); fibre diameter (µm);  FCWT = fibre cell wall thickness (µm); WB = west 
Bengal; UK = Uttar khand; Sp. Gr. = specific gravity   
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TABLE: 3 qualitative and Quantitative wood anatomy features of Albiziaproceraaccording to locality 
 

S
N 

AN Locality VP GR URH RS
 

MRH VR 
R
F 

M V 

1 
DDW 
4441 

Andaman’s Diffused Distinct 108.27 1-3 229.77 9.45 7 19466.460 59.168 

2 DDW7559 Buxa,Bengal Diffused -Do- 139.32 1-3 309.69 9.1 6 13108.114 45.514 

3 DDW506 Andaman’s Diffused -Do- 95.6 1-2 276.2 7.29 6 22726.037 66.257 

4 DDW2247 Andaman’s Diffused -Do- 112.05 1-3 218.7 9.45 4 19558.980 54.180 

5 DDW7422 Bangaladesh Semiring -Do- 120.15 1-3 217.35 9.45 5 14502.240 50.355 

6 DDW329 Burma Diffused -Do- 113.12 1-3 234.36 9.18 9 10970.910 30.645 

7 DDW2527 Burma Diffused -Do- 114.21 1-4 311.85 9.18 8 17527.995 45.765 

8 DDW6525 Burma Semiring -Do- 103.14 1-3 310.5 8.91 6 20623.680 61.380 

9 DDW811 Burma Diffused -Do- 150.12 1-3 171.45 
10.2

6 
4 25350.560 68.147 

1
0 

DDW1955 Bangaladesh Diffused -Do- 104.49 1-2 228.42 8.91 6 31999.104 85.104 

1
1 

DDW7542 
Kurseong,W.
B. 

Diffused -Do- 119.61 1-3 252.18 8.91 5 14746.628 41.657 

1
2 

DDW949 East assam Diffused Indistinct 72.09 1-5 244.89 9.74 6 18494.730 52.245 

1
3 

DDW1263 Tezpur,assam Diffused Distinct 106.11 1-3 319.95 8.91 5 12034.170 36.248 

1
4 

DDW2194 
Nowgong,ass
am 

Diffused -Do- 147.96 1-3 322.11 9.72 5 24164.438 66.938 

1
5 

DDW5312 Dehradun Semiring -Do- 118.61 1-3 248.94 9.18 5 16529.554 57.394 

1
6 

DDW7294 
Nowgong,ass
am 

Diffused -Do- 93.96 1-2 371.25 9.45 5 24800.688 66.312 

1
7 

DDW2361 
Darjeeling,W.
B. 

Diffused -Do- 117.99 1-3 320.76 9.72 4 34374.240 78.840 

1
8 

DDW3004 Garhwal, Diffused Indistinct 82.08 1-3 216 9.42 5 27099.360 73.440 

1
9 

DDW4763 
Darjeeling,W.
B. 

Semi 
ring 

Distinct 87.21 1-4 344.79 9.45 6 20347.653 71.647 

2
0 

DDW7365 
Jaipaiguri,W.
B. 

Semi 
ring 

Indistinct 98.55 1-3 249.75 9.18 3 26951.680 70.187 

2
1 

DDW220 Garhwal Diffused Distinct 107.19 1-4 265.41 
10.2

6 
5 15552.000 51.840 

2
2 

DDW5777 Siwaliks Diffused -Do- 139.32 1-4 262.98 9.18 5 20313.288 64.692 

Note: - VS = vessel porosity; GR= growth ring; URH = unseriate ray height; RS = ray seriation; MRH = multiseriate ray height; 
VSP = vessel ray pit; RF = ray frequency; M = mesomorphy value; V = vulnerability ratio.     
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Graphical Representation 
 

 
 

Graph 1:- Specific gravity distribution in the studies locality of Albiziaprocera. 
 

 
 

Graph 2:- Vessel length of Albiziaprocerain different localities. 
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Graph 3:-.Vessel frequency of Albiziaprocerain different localities 
 

 
 

Graph 4:-Vessel Daimeter of Albiziaprocerain different localities. 
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Graph 5:-Ray width of Albiziaprocerain different localities. 
 

 
 

Graph-6:-Ray frequency Albiziaprocerain different localities. 
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Graph-7:- Multiseriate ray height Albiziaprocerain different localities. 
 

 
 

Graph-8:- fibre length Albiziaprocerain different localities. 
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Graph8:- Relation between vulnerability and mesomorphy of the studiedAlbiziaprocera. 
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within locality. But more importantly this study anatomical 
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West Bengal and minimum vessel diameter value 122.58 
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wall thickness thin to thick walled, rage of fibre diameter 
21.7-24.8μm, range of fibre length 1016.40-1376.40μm, 
ground tissue fibre is simple and minutely bordered pit and 
wall thickness 2.916μm.Axial parenchyma is aliform to 
aliform confluent (Fig. 1), in strands of 2-9 cells. Ray 
frequency 2-9/mm, range of ray width 19.71-49.68 μm, 
range of uniseriate ray height 82.08-150.12 μm, range of 
multiseriate 171.45- 344.79μm, ray seriation 1-4, number of 
ray cells 3-43(fig-2);  and body ray cell procumbent with 5-9 
row(fig-3);Gum deposits is present(fig-7);, vestured pit is 
present(fig-4);  and chambered crystals are present in axial 
parenchyma(fig-3); these type of feature were alsoobserved 
by laxmi Chauhan and R. Dayal (1985) similarly Zhang et al 
(1992) also found the effect of microclimate and moisture 
availabity on some wood anatomical character such as 
vessels diameter, vessels distribution, wall thickness and 
ray height. Baas (1973), Graaff et al,Van den and Baas 
(1974) have also no direct influence of altitude and latitude 
on wood structure but they have an indirect effect through 
other factors of which the most important are the 
temperature water availability.The tree shows highly 
ecological adaptability to the tropical and subtropical 
geographical zones as vulnerability and mesomorphy 
relation is positive. The statically analysis was found that 
the correlation(correlation factor0.933611836) very strong 
relation in between vulnerability and mesomorphy. 
Albiziaprocerathe entire has large vessel with few vessel 
per unit area indicating a preference for conductive 
efficiency whether they have mesic or xeric 
ecology.Nooshin et al. (2012) were studied on vulnerability 
and mesomorphyratio on Saxaul was showing tree very 
resistance to drought condition. The vessels density is 
inversely proportional with the vessels diameter and fully 
effective on determining the mesomorphy and vulnerability 
(Carlquist 1988: 1977b). Both vessel diameter and vessel 
density can be easily changed evolutionarily, in contrast to 
vessel element length. Vessel element length is controlled 
entirely independently, by length of fusiform cambial initials 
(Carlquist 1977b; 1982c). Lajmina et al. 1996 had observed 
wood structure in term of its quantitative wood character is 
found to change with in plant habitat. In this study was 
found the wood anatomical features change with locality. 
Similarly correlation of wood structure with plant habitat has 
been studied by Carlquist (1977, 1975), Miller (1975) and 
Zimmermann (1978, 1989). Qualitative and quantitativewas 
found wood anatomical characters inAlbiziaprocera reveal 
the mesomorphic and vulnerability of tree which in turn are 
related to mesic ecology.Generally long and wide vessel 
elements are adaptive value only in mesic locality where 
soil moisture and relative humidity are high (Carquist 1975, 
1977).   Vessel element diameter and length decrease with 
aridity (Carquist 1966 and Hockma 1985). Xeromorphy is 
indicated by more numerous vessels per mm, narrow 
vessels, shorter vessel element (Carquist 1977a; 1977b; 
1988). 
 

 
 

Fig. 1:- Cross-section of Albiziaprocerashowing aliform to 
aliform-confluent parenchyma,; also terminal and diffuse. 

Scale bar = 300μm 
 

 
 

Fig.2:-TLS ofAlbiziaprocera showing uniseriate rays with 
multiiseriate rays Scale bar = 300μm 

 

 
 

Fig. 3:-RLS ofAlbiziaprocera showing Homogeneous ray, 
Parenchyma crysetal and Fibre is septate and non 

septateScale bar=300μm. 
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Fig. 4:-LS of Albiziaprocera showing inter vessel pit and 
Vesturad pitScale bar = 100 μm. 

 

 
 

Fig. 5:- LS of Albiziaprocera showing ray vessels pit Scale 
bar = 100 μm. 

 

 
 

Fig. 6 :- Cross-section of Albiziaprocerashowing Semi ring 
porosityScale bar = 300μm 

 
 

Fig. 7 :- Cross-section of Albiziaprocerais showing Growth 
ring distinct, radial multiples with 2-3 group and gummy 

deposits in vessels. Scale bar = 300μm 
 

 
 

Fig. 8:- Transverse section of wood of Albiziaprocerais 
showing a vessel with tylosis and axial parenchyma aliform 

and confluent paratracheal. Scale bar = 300μm 
 

 
 

Fig. 9:- Radial section of Albiziaprocerais 
showingmutiseriate rays with inclusions. Scale bar = 100 

μm. 
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CONCLUSION 
In this study was found that wood anatomy features change 
with according to the climate and locality.The statically 
analysis reveals that the variation in vessels diameter, 
uniseriate ray height,multiseriateray height, ray width, fibre 
length, fibre diameter, fibre cell wall and vessel length with 
the site is significant that it is affected by locality and 
climate. There is very strong relation (correlation factor 
0.933611836) in between vulnerability and mesomorphy. 
Albiziaprocerathe entire has large vessel with few vessel 
per unit area indicating a preference for conductive 
efficiency whether they have mesic or xeric ecology. 
Therefore the species shows highly ecological adaptability 
to the tropical and subtropical geographical zones such as 
vulnerability and mesomorphy relation is positive.  
 

References 
[1]. ALI, S.I. 1973: Albizialebbeck (L.) Benth.. In: Flora 

of Pakistan (Vol. 36: Mimosaceae). University of 
Karachi, Karachi. 210-230 

 
[2]. Aloni, R. and Zimmermann MH. 1983. The control 

of vessel size and density along the plant axis: a 
new hypothesis. Differentiation 24, 203–208. 

 
[3]. Alves, E.S. & V. Angyalossy-Alfonso. 2000. 

Ecological trends in the wood anatomy of some 
Brazilian species. 1. Growth rings and vessels. 
IAWA J. 21: 3–30. 

 
[4]. Anon, 1960. Identification of Hardwood; A Lens 

Key, 2
nd

ed; BullFor, Prod. 
 

[5]. Anon, 1960. Identification of Hardwood; A Lens 
Key, 2

nd
ed; BullFor, Prod. 

 
[6]. Anonymous; 1963 Indian wood their identification, 

properties and uses Vol. 2 FRI Dehradun.  
 

[7]. Anonymous; 1963 Indian wood their identification, 
properties and uses Vol. 2 FRI Dehradun.  

 
[8]. ASTM Standard. D., 143, 2009. Standard Test 19. 

Carlquist, S., 1989. Adaptive wood anatomy of 
Methods for Small Clear Specimens of Timber, 
chaparral shrubs. In: S.C. Keely(ed.), The 
California ASTM International, West 
Conshohocken, PA, 2009, Chaparral: 25-35 

 
[9]. Aymard, M. 1968. Le xylèmesecondaire 

chez Lysimachiapunctata L. Bulletin de la 
SociétéBotanique de France 115:187–196. 

 
[10]. Baas, P. 1973. The Wood Anatomy of 

Ilex(Aquifoliaceae) and Its Ecological and 
Phylogenetic Significance. Blumea 21; 193-258. 

 
[11]. Baas, P., E. Wheeler and M. 

Chase. 2000. Dicotyledonous wood anatomy and 
the APG system of angiosperm 
classification. Botanical Journal of the Linnaean 
Society 134:3–17. 

 

[12]. Baas, P., Ewers F. W, Davies, S. D. &. Wheeler, E. 
A. 2004. The evolution of xylem physiology. In: A. 
R. Hemsley& I. Poole (eds.), Evolution of plant 
physiology. From whole plants to ecosystems: 273-
296. 

 
[13]. Bailey, I.M. 1970. Notes on the wood structure of 

the Betulaceae and Fagaceae for Quart 8 : 178- 
185. 

 
[14]. Baretta-Kuipers, T. 1976. Comparative wood 

anatomy of Bonnetiaceae, Theaceae and 
Guttiferae.76–101.  

 
[15]. Baretta-kuipers, T.1981. Wood anatomy of 

leguminosae its relevance to taxonomy in 
advances in legume systematic 9eds pohill, R.M.C. 
Raven PH) 677-705 Royal Botanic Gardens, kew. 

 
[16]. Baretta-kuipers, T.1981. Wood anatomy of 

leguminosae its relevance to taxonomy in 
advances in legume systematic 9eds pohill, R.M.C. 
Raven PH) 677-705 Royal Botanic Gardens, kew. 

 
[17]. Bass, P. 1973. The wood anatomy range in ilex 

and its ecological and phylogenetic significance 
Blumea 21: 193-258 

 
[18]. Bedri, S. 2013. Comparative wood anatomy of 

Rhodothance species: Turkish Journal of Botany 
Turk Bot 37: 571-574. 

 
[19]. Bhargavan, S. and M. Ramachandran.1984. 

Diospyrostrichophylla Alston. (Ebenaceae) - A new 
record for India. Indian Journal of Forestry. 
Botanical. Survey of India 7 (3): 247-248. 

 
[20]. Birtürk, T. 2003. DilekYarımadasıMilliParkı (Aydın) 

OdunsuTaksonlarınınOdunAnatomilerininFloristikv
eEkolojikYöndenİncelenmesi. KTÜ, Fen 
BilimleriEnstitüsü, YüksekLisansTezi.  

 
[21]. Bolza, E. and Keating, W. G. 1972. African timbers: 

the properties, uses and Characteristics of 700 
species. CSIR, Division of Building Research, 
Australia. 699. 

 
[22]. Brazier, J.D. and G.L, Franklin. 1961. 

Indemnification of hardwoods. A microscopic Key. 
Forest products Research Bull. 46 London. 

 
[23]. Brazier, J.D. and G.L, Franklin. 1961. 

Indemnification of hardwoods. A microscopic Key. 
Forest products Research Bull. 46 London. 

 
[24]. Bremer, B., K. Bremer, N. Heidari, P. Erixon, R. G. 

Olmstead, A. A. Anderberg, M. Källersjö, and E. 
Barkhordarian. 2002. Phylogenetics of asterids 
based on 3 coding and 3 non-coding chloroplast 
DNA markers and the utility of non-coding DNA at 
higher taxonomic levels. Molecular Phylogenetics 
and Evolution 24:274–301. 

 



INTERNATIONAL JOURNAL OF SCIENTIFIC & TECHNOLOGY RESEARCH VOLUME 3, ISSUE 5, May 2014       ISSN 2277-8616 

14 
IJSTR©2014 
www.ijstr.org 

[25]. Candolle, A. 
P. 1844. Prodromussystematisnaturalisregnivegeta
bilis, 8th ed. Paris: SumptibusSociorumTreuttelet 
Würtz.246-270. 

 
[26]. Caris, P. and E. Smets. 2004. A floral ontogenetic 

study on the sister group relationship between the 
genus Samolus (Primulaceae) and the 
Theophrastaceae. American Journal of Botany 
91:627–643.  

 
[27]. Caris, P., L. P RonseDecraene, E. Smets, and D. 

Clinckemaillie. 2000. Floral development of 
three Maesaspecies, with special emphasis on the 
position of the genus within Primulales. Annals of 
Botany 86:87–97.  

 
[28]. Carlquist Sherwin, 2001. Comparative Wood 

Anatomy. 2nd Edition. Springer-  
 

[29]. Carlquist, S. 1966. Wood anatomy of compositae:a 
summary, with comments on factors controlling 
wood evolution. ALISO 6 (2): 25 – 44 

 
[30]. Carlquist, S. 1975a. Ecological strategies of xylem 

evolution. Uvniv. California Press, Bekley 259. 
 

[31]. Carlquist, S. 1977. Ecological factors in wood 
evolution: a floristic approach. Amer. Jour. Bot. 64: 
887-896. 

 
[32]. Carlquist, S. 1977a. Ecological Factors in Wood 

Evolution: A Floristic Approach. American Journal 
of Botany 64(7); 887-896. Carlquist, S. 1977b. 
Wood Anatomy of Onagraceae: Additional Species 
and Concepts. Annals of the Missourı Botanical 
Garden 64; 627-637. 

 
[33]. Carlquist, S. 1977a. Ecological Factors in Wood 

Evolution: A Floristic Approach. American Journal   
of Botany 64(7); 887-896.  

 
[34]. Carlquist, S. 1977b. Wood Anatomy of 

Onagraceae: Additional Species and Concepts. 
Annals of     the Missourı Botanical Garden 64; 
627-637.  

 
[35]. Carlquist, S. 1977c. Wood Anatomy of 

Tremandraceae: Phylogenetic and Ecological 
Implıcations. American Journal of Botany 64(6); 
704-713.  

 
[36]. Carlquist, S. 1982a. Wood Anatomy of Buxaceae: 

Correlations with Ecology and Pylogeny. Flora 172; 
463-491.  

 
[37]. Carlquist, S. 1982b. Wood Anatomy of Illicum 

(Illicaceae): Phylogenetic, Ecological and 
Functional Interpretations. American Journal of 
Botany 69 (10); 1587-1598.  

 
[38]. Carlquist, S. 1982c. Wood Anatomy of 

Daphnıphyllaceae: Ecological and Phylogenetic 

Considerations, Review of Pittosporalean Families. 
Brittonia 34(2); 252-266. 

 
[39]. Carlquist, S. 1983. Wood Anatomy of 

Calycanthaceae: Ecological and Systematic 
Implications. Aliso 10 (3); 427-441.  

 
[40]. Carlquist, S. 1984a. Wood Anatomy of Loasaceae 

with Relation to Systematics, Habit, and Ecology. 
Aliso 10 (4); 583-602.  

 
[41]. Carlquist, S. 1984b. Wood Anatomy and 

Relationships of Pentaphylaceae: Significance of 
Vessel Features. Phytomorphology Vol. 34, Nos. 1-
4; 84-90.  

 
[42]. Carlquist, S. 1988. Comparative Wood Anatomy, 

Springer-Verlag, London.  
 

[43]. Carlquist, S. and D. A. Hoekman. 1985. Ecological 
wood anatomy of the woody southern Californian 
flora.International Association of Wood Anatomists 
Bulletin, new series 6:319–347. 

 
[44]. Carlquist, S. 1962. A theory of paedomorphosis in 

dicotyledonous woods. Phytomorphology 12:30–
45. 

 
[45]. Carlquist, S. 1977. Wood anatomy of Onagraceae: 

additional species and concepts. Annals of the 
Missouri Botanical Garden 64:627–637.  

 
[46]. Carlquist, S. 1984. Wood anatomy and 

relationships of Pentaphylacaceae: significance of 
vessel features.Phytomorphology 34:84–90. 

 
[47]. Carlquist, S. 1992. Wood anatomy of 

sympetalousdicotyledon families: a summary with 
comments on systematic relationships and 
evolution of the woody habit. Annals of the 
Missouri Botanical Garden 79:303–332.  

 
[48]. Carlquist, S., D.A. Hoekman. 1985. Ecological 

Wood Anatomy of the Woody Southern Californian 
Flora.  IAWA Bulletin 6(4); 319-347. 

 
[49]. Chalk, L. & M.M. Chattaway. 1935. Factors 

affecting dimensional variations of vessel 
members.Trop. Woods 41: 17–37. 

 
[50]. Chauhan, Dr. (Mrs.luxmi) and Dr. R. vijendra Rao, 

2003. Wood Anatomy of legumes of India Their 
Identification, properties and uses. 22-25,119,127 

 
[51]. Chauhan, Dr. (Mrs. luxmi) and Dr. R. vijendra Rao, 

2003. Wood Anatomy of legumes of India Their 
Identification, properties and uses. 22-25,119,127 

 
[52]. Chauhan, L. and Dayal, R. 1985. Wood anatomy of 

Indian Albizias. IAWA Bull. N.56, 213-218. 
 

[53]. Chauhan, L. and Dayal, R. 1985. Wood anatomy of 
Indian Albizias. IAWA Bull. N.56, 213-218. 



INTERNATIONAL JOURNAL OF SCIENTIFIC & TECHNOLOGY RESEARCH VOLUME 3, ISSUE 5, May 2014       ISSN 2277-8616 

15 
IJSTR©2014 
www.ijstr.org 

 
[54]. Cherubini, P., Gartner B.L., Tognetti R., Braker 

O.U., Schoch W. and Innes, J.L. 2003. 
Identification, measurement and interpretation of 
tree rings in woody species from Mediterranean 
climates. Biology Rev 78:119–148. 

 
[55]. Coode, M. J E. 1976. Notes on Pittosporaceae and 

Myrsinaceae of the Mascarenes. Kew Bulletin 
31:221–225.  

 
[56]. Cook, E., and Peters K. 1997. Calculating 

unbiased tree-ring indices for the study of climatic 
and environmental change. Holocene 7(3):361–
370. 

 
[57]. Dahlgren, G. 1989. The last Dahlgrenogram. 

System of classification of the dicotyledons.249–
260.  

 
[58]. Dasgupta, S. I.F.S. 1998. Systematic Botany 

foresters. 110-113 
 

[59]. Dasgupta, S. I.F.S. 1998. Systematic Botany 
foresters. 110-113 

 
[60]. Dickson, W. C. 2000. Integrative plant 

anatomy.Academic press. A Harcourt science and 
technology company. 533.    

 
[61]. DUKE, JAMES A. 2008. Dr. Duke's Phytochemical 

and Ethnobotanical Databases - Albizialebbeck. 
23. 

 
[62]. Esau, K., 1977. Anatomy of seed plants. Wiley and 

21. Baas, P., 1982. Systematic,phylogenetic and 
Sons, New York. ecological wood anatomy-history 
and perspectives. 

 
[63]. Fahn, A. 1997. Plant Anatomy. 2nd ed. Pergamon 

Press, Oxford. Jaiyeola, A.A., Aworinde, D.O. 
&Folorunso, A.E. 2009. Use of wood characters in 
the identification of selected timber species in 
Nigeria. – Notul. Bot. HortiAgrobot. Cluj-Napoca 
Inst., Agron.―Dr.PetruGroza‖, 37(2): 28-32. 

 
[64]. Fahn, A., 1979. Secretory tissues in plants. In: P. 

Baas (ed.), new perspectives in wood anatomy: 
 

[65]. Fearnside, P.M. 1997. Wood density for estimating 
forest biomass in Brazilian Amazonia. For Ecol 
Manage, 90: 59-87 

 
[66]. Forester 131: 1064–1070. 

 
[67]. Frost, F.H. 1930. Specialization in secondary 

xylem in dicotyledons. I. Origin of vessel. Bot.Gaz. 
89: 67–94. 

 
[68]. Gamble, J.S. 1959. A Manual of Indian Timbers.  

 
[69]. Gamble, J.S. 1959. A Manual of Indian Timbers.  

 

[70]. German standard 52 182, 1976. Testing of Wood: 
Determination of 
Density.FachnormenausschußMaterialprüfung 
(FNM) im DIN Deutsches Institute fürNormunge.V. 
NormenausschußHolz (NAHolz) imDIN. Ver lag 
GmbH, Berlin 30 und Köln. 3pages. 

 
[71]. Geuten, K., E. Smets, P. Schols, S. Janssens, P. 

Küpfer, and N. Pyck. 2004. Conflicting phylogenies 
of balsaminoid families and the polytomy in 
Ericales: combining data in a Bayesian 
framework. Molecular Phylogenetics and Evolution 
31:711–729.   

 
[72]. Graaf, N.A. Van DER, P. Baas. 1974. Wood 

anatomy variation in relation to latitude. Blumea22: 
101-123.    

 
[73]. Große, A. 1908. Anatomisch-

systematischeUntersuchingen der 
Myrsinaceen. BotanischeJahrbücher 41: Beiblatt 
96. 1–46. 

 
[74]. Gupta, S. and V. Saxena . 2005. New record of 

occurrence of perforated ray cells in the order 
Celastrales from India. Indian 

 
[75]. Herenden, P.S. and Miller R.B. 2000. Utility of 

Wood anatomical characters in cladistic analysis. 
International Association of Wood Anatomists 
Journal, 2000: 247-276. 

 
[76]. Hoar, C. S. 1916. Anatomy and phylogenetic 

position of the Betulaceae. Amer. J. Bot. 3: 415-
435. 

 
[77]. Hoffmann, W.A., R.E.M. Marchin, Abit P. and Lau 

O.L. 2011.Hydraulic failure and tree dieback are 
associated with high wood density in a temperate 
forest under extreme drought. Glob Change 
Biology 17:2731-2742 

 
[78]. IAWA, Committee 1989. IAWA List of microscopic 

features for hardwood identification. Bull. N.S. 
10:219-332. 

 

[79]. IAWA, Committee 1989. IAWA List of microscopic 
features for hardwood identification. Bull. N.S. 
10:219-332 

 
[80]. Ifju, G. 1983. Quantitative wood anatomy certain 

geometrical-statistical relationships. Wood Fiber 
Science. 15(4):326-337. 

 
[81]. Indian Council of Forestry Research and 

Education, Dehradun. SafedSiris (Albiziaprocera). 
Dehradun, Forest Research Institute. 12. 

 
[82]. Joshi, L., N. Suichi, and S. Mitsuo. 1996. 

Environmental and Biodiversity: In the context of 
south Asia; 303 – 309. 

 

http://www.ars-grin.gov/cgi-bin/duke/ethnobot.pl?ethnobot.taxon=Albizia%20lebbeck


INTERNATIONAL JOURNAL OF SCIENTIFIC & TECHNOLOGY RESEARCH VOLUME 3, ISSUE 5, May 2014       ISSN 2277-8616 

16 
IJSTR©2014 
www.ijstr.org 

[83]. Källersjö, M. and B. Ståhl. 2003. Phylogeny of 
Theophrastaceae (Ericales, s. lat). International 
Journal of Plant Sciences 164:579–591.   

 
[84]. Källersjö, M., G. Bergqvist and A. A. 

Anderberg. 2000. Generic realignment in primuloid 
families of the Ericaless.l.: a phylogenetic analysis 
based on DNA sequences from three chloroplast 
genes and morphology. American Journal of 
Botany 87:1325–1341.   

 
[85]. Klaassen and Rene. 1999. Wood anatomy of the 

Sapindaceae. International Association of wood 
anatomist’s journal, supplement2. National 
herbarium of the Netherland P>O>box 9514, 2300 
RA Leiden, the Netherland. 75-76    

 
[86]. Kribs, D.A. 1935. Salient lines of structural 

specialization in the wood rays of dicotyledons. 
Bot. Gaz. 96: 547–557. 

 
[87]. Liang, D. and P. Baas. 1990. Wood anatomy of 

trees and shrubs from China II. 
Theaceae. International Association of Wood 
Anatomists Bulletin, new series 11:337–378. 

 
[88]. Liang, D. and P. Baas. 1991. The wood anatomy of 

the Theaceae. International Association of Wood 
Anatomists Bulletin, new series 12:333–353. 

 
[89]. Luna, R.K. 1997. Plantation in Indian Tree.120-

124. 
 

[90]. Luna, R.K. 1997. Plantation in Indian Tree.120-
124. 

 
[91]. Martinez,M., A. Sanchez, L. Pastorino, M. Gallo 

and L. Rozenberg. 2008. What is hot in tree rings? 
The wood density of surviving Trees 123Douglas-
firs to the 2003 drought and heat wave. For Eco 
Manage 256:837–843 

 
[92]. McCarroll, D., R. Jalkanen, S. Hicks, M. Tuovinen, 

M. Gagen, F. Pawellek, E. Dieter, U. Schmitt, J. 
Autio and O. Heikkinen. 2003. Multiproxy 
dendroclimatology: a pilot study in northern 
Finland. Holocaust 13:899–900 

 
[93]. Metcalfe, C. R. and L. Chalk. 1950. Anatomy of the 

dicotyledons, Vol. II. Oxford: Clarendon Press.  
 

[94]. Metcalfe, C.R. and L. Chalk. 1983. Anatomy of the 
Dicotyledons ed. 2 Clarendom Press. 

 
[95]. Metcalfe, C.R. and L. Chalk. 1983. Anatomy of the 

Dicotyledons ed. 2 Clarendom Press. 
 

[96]. Meylan, B. A. and B. G. 
Butterfield. 1978a. Occurrence of helical 
thickenings in the vessels of New Zealand 
woods. New Phytologist 81:139–146.   

 

[97]. Micco, V., G. Aronne, P. Baas. 2008. Wood 
anatomy and hydraulic architecture of stems and 
twigs of some Mediterranean trees and shrubs 
along a mesic-xeric gradient. Trees StructFunct 
22:643–655 

 
[98]. Miller, R. B. and S. Greene. 1975. Systematic 

anatomy of the xylem and comment on the 
relationships of Flacourtiaceae. J. Arnold Arbor 
56:20-102. 

 
[99]. Nasroun, T. H. I and AI. Shahrani, T.S. 1998 Arab 

Gulf Journal of Scientific Research 16 (3). 657-676.  
 

[100]. Nasroun, T. H. I and AI. Shahrani, T.S. 1998 Arab 
Gulf Journal of Scientific Research 16 (3). 657-676.  

 
[101]. Nasroun, T.H.I and AI. Shahrani, T.S. 1998.  Arab 

Gulf J. Scient. Res., 16 (1). I83-206 
 

[102]. Nasroun, T.H.I and AI. Shahrani, T.S. 1998.  Arab 
Gulf J. Scient. Res., 16 (1). I83-206 

 
[103]. Negi, B.S. and R.C Madhwal 1995. Anatoy of some 

broad leaf timber species of North Western 
Himalayas Pub. ICFRE Dehradun. 

 
[104]. Negi, B.S. and R.C Madhwal 1995. Anatoy of some 

broad leaf timber species of North Western 
Himalayas Pub. ICFRE Dehradun. 

 
[105]. Negi, S. S. 1997. Wood Science and Technology. 

International book Distributors, 9, Rajpur Road, 
Dehra Dun – 248 001 (India). 249. 

 
[106]. Nooshin, T. 2012. Wood fearture of 

SaxaulHaloxylon spp. From central. Wood Applied 
Sciences Journal 28 (8): 1114 to 1112 

 
[107]. Noshiro, S. and Pieter Baas. 2000. Latitudinal 

trends in wood anatomy within species and 
Genera: case study in Cornus S.L. (Cornaceae) 
American Journal of Botany. 

 
[108]. Ogata, K. and A. Kalat. 1997. Wood anatomy of 

some trees, shrubs and climbers in Brunei 
Darussalam.After-care Programme, Brunei 
Forestry Research Project Special Publication No. 
3. Brunei Darussalam: Japan International 
Cooperation Agency (JICA) and Forestry 
Department, Ministry of Industry and Primary 
Resources. 

 
[109]. Olson, M. E. and S. Carlquist. 2001. Stem and root 

anatomical correlations with life form diversity, 
ecology, and systematics 
in Moringa (Moringaceae). Botanical Journal of the 
Linnaean Society 135:315–348. 

 
[110]. Olson, M. E. 2003. Stem and leaf anatomy of the 

arboreAscentcurbitaceae Dendrosicyossocotranaw
ith comments on the evolution of pachycauls from 



INTERNATIONAL JOURNAL OF SCIENTIFIC & TECHNOLOGY RESEARCH VOLUME 3, ISSUE 5, May 2014       ISSN 2277-8616 

17 
IJSTR©2014 
www.ijstr.org 

lianas. Plant Systematics and Evolution 239:199–
214. 

 
[111]. Otegui, M. S. 1994. Occurrence of perforated ray 

cells and ray splitting in Rapanealaetivirens and R. 
lorentziana (Myrsinaceae). International 
Association of Wood Anatomists Journal 15:257–
263. 

 
[112]. Otegui, M. S., M. L. Gaspar, S. Maldonado, E. L. 

Varetti, and R. Pollero. 1997. Studies on tissues 
associated to hydrobenzoquinone secretion 
in Myrsinelaetivirens (Myrsinaceae). Nordic Journal 
of Botany 18:447–459.  

 
[113]. Panshin, A. J. 1932. An anatomical study of the 

woods of the Philippine mangrove 
swamps. Philippine Journal of Science 48:143–
207. 

 
[114]. Pax, F. 1889. Myrsinaceaein Die 

natürlichenPflanzenfamilien, Vol. IV, eds. A. Engler 
and K. Prantl. Leipzig: Engelmann.84–97. 

 
[115]. Purkayastha, 1982. Indian Wood identification, 

properties and uses. Vol (lll
rd

). FRI Dehradun, 
India. 40-41 

 
[116]. Purkayastha, 1982. Indian Wood identification, 

properties and uses. Vol (lll
rd

). FRI Dehradun, 
India. 40-41 

 
[117]. Purkayastha, S.K. 1996. Manual of Indian timber 

(172 species). 
 

[118]. Purkayastha, S.K. 1996. Manual of Indian timber 
(172 species). 

 
[119]. Rao, R.K. and K.B.S. Juneja. 1971. A hand book 

for field identification of fifty important timber of 
India. Manager of Publication, Delhi. 

 
[120]. Rao, R.K. and K.B.S. Juneja. 1971. A hand book 

for field identification of fifty important timber of 
India. Manager of Publication, Delhi. 

 
[121]. Sachtler, M. 1968. Anatomical and physical-

technological investigations on four Liberian wood 
species. German Forestry Mission to Liberia.Great 
Britain ForestGreat Britain Forest Products 
Research Laboratory. 

 
[122]. SANDRA, B.1997. Appendix 1 - List of wood 

densities for tree species from tropical America, 
Africa, and Asia. In: Estimating Biomass and 
Biomass Change of Tropical Forests: a 
Primer. FAO Forestry Papers 134.  

 
[123]. SCHETINI DE AZEVEDO, CRISTIANO; PENHATINOCO, 

HERLANDES; BOSCO FERRAZ, JOÃO& YOUNG, ROBERT 

JOHN 2006: The fishing rhea: a new food item in 
the diet of wild greater rheas (Rhea americana, 

Rheidae, Aves). RevistaBrasileira de 
Ornitologia 14(3): 285-287 

 
[124]. Singh, N.P. j.N. Vohra, P.K. Hajra and D.K. Singh 

2000. Flora of India Vol. 5 BSI. Calcutta.  
 

[125]. Smets. 1998. Preparation of wood specimens for 
transmitted light microscopy and scanning electron 
microscopy. Belgian Journal of Botany 131:41–49. 

 
[126]. Steele, J. H., G. Ifju, and J. A. Johnson. 1976. 

Quantitative characterisation of wood micro- 
Structure. J. Microscopy 107 (3):297-311. 

 
[127]. Stern, W. L. 1988. Index Xylariorum. Institutional 

wood collections of the world, 3rd. ed. International 
Association of Wood Anatomists Bulletin, new 
series 9:204–252. 

 
[128]. Street, B. and Suite.1900. Science and Technology 

company. San Diego, California 92101-4495, USA. 
533. 

 
[129]. Stren, W.L. and S. Greene. 1958. Some aspects of 

variation in Wood. Trop. Woods 108: 65-71.  
 

[130]. Suzuki, M. and S. Noshiro. 1988. Wood structure in 
Himalayan Plants. Bulletin of the National Science 
Museum, Tokyo 31:341–379. 

 
[131]. Suzuki, M., S. Noshiro, A. Takahashi, K. Yoda, and 

L. Joshi. 1991. Wood structure of Himalayan 
plants. In: Himalayan plants Vol. ll. (ed.) 32: 31-65. 

 
[132]. Synder, K., F. F. P. and W. A. Cote. 1984. 

Principles of Wood Science and Technology.114.  
 

[133]. Thoboyet, S. and Alshahrani. 1996. The 
relationship between Anatomical structures some 
physical properties of wood. King Saud University 
college of Agriculture and plant production 
Department 122-135. 

 
[134]. Trimen. H. (1893). A Hand-Book to the Flora of 

Ceylon, Part III (Indian reprint, 1984). Bishen Singh 
Mahendra Pal Sing, Dehradun. 87 -102.  

 
[135]. Versteegh, C. 1968. An anatomical study of some 

woody plants in the mountain flora in the tropics 
(Indonesia). ActaBotanicaNeerlandica 17:151–159. 

 
[136]. Webber, I. E. 1938. Intercellular cavities in the rays 

of dicotyledonous woods. Lilloa 3:465–473. 
 

[137]. Wheeler, E. A., P. Baas and S. Rodgers. 2007. 
Variations in dicot wood anatomy: a global Analysis 
based on the inside wood database. International 
Association of Wood Anatomists Journal, vol. 28 
(3), 2007: 229-258. 

 
[138]. Wheeler, E.A. & P. Baas. 1998. Wood identification 

– a review. IAWA J. 19: 241–264 Stevens, P.F. 
1991. Character states, morphological variation, 



INTERNATIONAL JOURNAL OF SCIENTIFIC & TECHNOLOGY RESEARCH VOLUME 3, ISSUE 5, May 2014       ISSN 2277-8616 

18 
IJSTR©2014 
www.ijstr.org 

and phylogenetic analysis: A review. Syst. Bot. 16: 
553–583. 

 
[139]. Wimmer, R. and M. Grabner. 1997. Effects of 

climate on vertical resin duct density and radial 
growth of Norway spruce (Piceaabies(L) Karst). 
Trees StructFunct 11: 271–276. 

 
[140]. Zhang, S. Y., P. Baas and M. Zandee. 1992. Wood 

structure of the Rosaceae in relation to ecology, 
habit and phenology. IAWA Bull. 13(3): 307-349. 

 
[141]. Zimmermann, M.H. 1978. Functional xylem 

anatomy of angiosperm trees. In: New Perspective 
in Wood Anatomy. 59-70. 

 
[142]. Zimmermann, M.H. 1978. Hydraulic architecture of 

some diffuse porous trees. Canadian Jour. Bot. 56: 
2286-2295.  


