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Abstract

Context: Preliminary screening has been undertaken by woody species of Tamaulipan thornscrub
for wood density and its utilization northeastern Mexico for different purposes and to find possi-
ble relationship of density with wood fibre characteristics. This technique can be used in the se-
lection of species with high wood density for possible utility. Aims: It is to determine the variabi-
lity in wood density and in fiber cell morphology and its length and among wood species of the
Tamaulipan thornscrub, northeastern Mexico. Methods: Wood density and wood fibres are
characterized in these woody species following standard methodology. Results: The results reveal
large variability in wood density and in fibre cell morphology h. The species have been classified
on the basis of wood density and its fibber cell morphology and has been recommended for their
possible utilization for different purposes. Conclusions: Species desirable for strong furniture
making, paper pulp, soft furniture, fence etc. can be selected on the basis of fibre length to breadth
ratios as strong fibres for furniture and fibre cells with broad lumen and thin cell wall use for fab-
rication of paper pulp and other utilities.
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Thornscrub

1. Introduction

The shrubs and trees of the Tamaulipan thornscrub in the semiarid regions of the northeastern Mexico are of
great economic importance for various uses such as timber for furniture, fence, post, firewood and sources of
forage for wild grazing animals for possessing macro- and micro-nutrients required by animals, herbs, medicine
and reforestation [1].

Wood density contributes to the quality of a timber and its utility in wood industry. Wood density is an im-
portant variable in carbon cycle research. It offers resistance in the trees against wind, storms, cavitation of xy-
lem vessels, and other environmental stresses. Reyes et al. [2] determined wood density of tropical tree species.
Wood density for a large number of tropical tree species is determined in units of ovendry weight in grams per
cubic centimeter of green volume. The data base includes 1280 entries from tropical America (40 percent),
tropical Asia (36 percent), and tropical Africa (24 percent). The most frequent wood densities vary from 0.5 to
0.8 g/cm’.

Bhat et al. [3] studied wood density and fibre length of Eucalyptus grandis grown in Kerala, India in trees of
four age groups (3, 5, 7 and 9 yr). The average basic density was 495 kg/m® at 3 yr and there was no significant
increase from 3 to 9 yr, whereas 5-yr-old trees had a significantly lower value. Fibre length increased consis-
tently with age; fibres of 3-yr-old trees (mean 0.81 mm) were about 29% shorter than those of 9-yr-old trees
(1.15 mm). Density did not show significant differences but differed significantly between the locations, but fi-
bres were longer in one location where trees had faster growth. Density decreased from stump to 25% of tree
height and then gradually increased towards the top in a curvilinear manner, whereas fibre length commonly
showed the reverse trend. In 5, 7- and 9-yr-old trees, average tree density could be predicted with reasonable
accuracy using breast height density, but stump level density was a better predictor of average tree density in 3-
yr-old trees.

For accurate estimates of the carbon stocks present in the world’s tropical forests, there is a growing need for
accurate tree biomass estimations on large spatial scales Chave et al. [4], Cummings et al. [5], Nascimento and
Laurance [6]. Wood-specific gravity is an important component of these biomass estimations Baker et al. [7],
Magcale-Macandog [8], Nogueira et al. [9].

Wood density predicts life-history strategies of tree species, as it is closely related to tree growth rates [10].
On the other hand, wood density is positively related to drought resistance in tropical trees Hacke et al. [11],
Meinzer [12], Slik [13]. This indicates that high wood density is positively correlated with xylem wallen force-
ment, which reduces cavitation risk due to strong tensions during periods of drought [11]. Baker et al. [7] ob-
served that the wood density of tree species in Neotropical forests was a taxonomically conserved trait, whereby
variation in wood density was mainly explained by the wood density at generic level.

Several studies on wood density have shown that community-level wood density varies considerably among
neotropical forests Wiemann and Williamson [14], Baker et al. [7], Muller-Landau [15] and therefore is consid-
ered a predictive variable in large-scale tropical biomass estimation protocols Baker et al. [7], DeWalt and
Chave [4], Jerome Chave et al. [16]. Baker et al. [7] observed that wood density across 59 Amazonian plots and
four Neotropical forests, respectively, was negatively associated with soil fertility. In this respect at a broader
scale, Wiemann and Williamson [14] made a comparative study of North American and South American com-
munities, and observed a positive correlation between wood density and mean annual precipitation. On the con-
trary, Steege and Hammond [17] observed that the variation in mean wood density within Guyana did not show
correlation with either precipitation or soil fertility, whereas in Mexico, Barajas Morales [18] found that mean
wood density was negatively related to precipitation. All these studies report contrasting trends in the regional
and environmental variability of wood density, although they were based on a limited number of study sites or
were restricted to one region of the neotropics. Density is correlated with cavitation resistance. This is safety
factor against implosion of xylem to avoid collapse (Owe Hacke et al. [11] [19]).

Santiago et al. [20] investigated the relation between transport capacity and wood density. Wood density and
wood anatomy with leaf photosynthetic traits in two low land Panamanian forest. Leaf specific hydraulic con-
ductivity of the upper branches was positively correlated with the maximum rates of net CO, assimilation per
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unit leaf area and stomatal conductivity. Maximum leaf hydraulic conductivity showed stronger correlation with
net CO, assimilation. This suggests that allocation to photosynthetic potential is proportional to maximum water
transport. Branch wood density was negatively correlated with wood water storage and wood water potential.

Jéréme Chave et al. [16] studied regional and phylogenetic variation of wood density across 2456 neotropical
trees species. According to them, wood density is a crucial variable in carbon accounting programs of both sec-
ondary and old-growth tropical forests. It also is the best single descriptor of wood: it correlates with numerous
morphological, mechanical, physiological, and ecological properties. In order to explore the estimation of wood
density, and possible sources of variation in this trait, they analyzed regional, taxonomic, and phylogenetic vari-
ation in wood density among 2456 tree species from Central and South America. Wood density varied over
more than one order of magnitude across species, with an overall mean of 0.645 g/cm®. Their geographical
analysis showed significant decreases in wood density with increasing altitude and significant differences among
low-altitude geographical regions: while wet forests of Central America and Western Amazonia have signifi-
cantly lower mean wood density than dry forests of Central and South America, Eastern and Central Amazonian
forests, and the Atlantic forests of Brazil; and Eastern Amazonian forests have lower wood densities than the dry
forests and the Atlantic forest. A nested analysis of variance revealed that 74% of the species-level wood density
variation was explained at the genus level, 34% at the Angiosperm Phylogeny Group (APG) family level, and 19%
at the APG order level. This reveals that genus-level means give reliable approximations of values of species,
except in a few hypervariable genera. They also studied that evolutionary shifts in wood density occurred in the
phylogeny of seed plants using a composite phylogenetic tree. Major changes were observed at deep nodes (Eu-
rosid 1), and also in more recent divergences (for instance in the Rhamnoids, Simaroubaceae, and Anacardia-
ceae). Their unprecedented wood density data set yields consistent guidelines for estimating wood densities
when species-level information is lacking and should significantly reduce error in Central and South American
carbon accounting programs.

According to Hugo Martinez-Cabrera [21] wood density plays a key role in ecological strategies and life his-
tory variation in woody plants, but very little is known about its anatomical basis in shrubs. They quantified the
relationships between wood density, anatomy, and climate in 61 shrub species from eight field sites along latitu-
dinal belts between 31 and 35 in North and South America. Measurements included cell dimensions, transverse
areas of each xylem cell type and percentage contact between different cell types and vessels.

Conifers are the most important source of raw material for the Mexican timber industry, besides they are a
source of environmental services and are habitat of many living organisms. Pablo Martinez-Antinez et al. [22]
undertook density estimation of conifer species from environmental variables. Twenty species of conifers of five
different genus and eleven environmental variables were analyzed. The results indicated that there is a small li-
near relationship between the abundance of the species and the analyzed predictors. However, some of the re-
sults indicate that the abundance for 60% of the selected conifer species is affected by at least four environmen-
tal variables, including mainly, the precipitation during the growing season (April to September), the average
length of the frost-free period, the altitude above the sea level and the mean annual precipitation.

2. Materials and Methods

A study was undertaken to determine the variability in fiber cell morphology and its length among thirty seven-
wood species of the Tamaulipan thornscrub, northeastern Mexico at the experimental station of Facultad de
Ciencias Forestales, Universidad Autonoma de Nuevo Leon, located in the municipality of Linares (2447N.
9932W), at elevation of 350 m. The climate is subtropical or semiarid with warm summer, monthly mean air
temperature vary from 14.7°C in January to 23°C in August, although during summer the temperature goes up to
45°C. Average annual precipitation is around 805 mm with bimodal distribution.

The Study Consists of Two Stages

2.1.1. Determination of Wood Density of 37 Woody Species
Wood density in these woody species is determined by collecting 10 pieces of wood of each of 5 cm long from
the branches of the tree of each species.

These wood pieces were then dried in an oven at 80°C for 3 days cooled and weighed in a desiccator to avoid
absorption of moisture from the atmosphere. The wood piece was later dipped in water in a measuring cylinder
for measuring the volume of the wood. The density of wood was calculated as follows:
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Weight of wood (g)

Density = Volume (cm3)

2.1.2. Characterization of Wood Fibres of Few Selected Species Varying in Wood Density

We selected few woods varying in wood density for wood fibre characterization. Sample woods for fibre cha-
racterization. We did fibre characterization of the selected species varying in wood density. One disk of 0.1 m
thick was taken from two primary branch of a tree from each species. Few small pieces of wood of each species
were dipped in concentrated nitric acid and plugged with cotton. Then the test tubes are kept in boiling water
bath until the wood pieces started disintegrating. Then acid was decanted slowly and the macerated wood
elements were washed several times with distilled water. Then, the macerated fiber cells were stained with
safranin (1%) and observed under microscope and taken photographs with digital camera fixed with micro-
scope.

3. Results
3.1. Wood Density

The results showed that the thirty seven woody species of Tamaulipan thornscrub Northeastern Mexico differed
in wood density and fibre characteristics. The wood density exhibited by these 37 species is shown in Table 1.

It is observed that the woody species (trees and shrubs) belonging to different families showed a large varia-
tion in Wood density ranging from 0.511 to 1.09 g/cm?®.

In the following Table 2 is show Kwalis analysis.

The species showed significant different differences (<0.001). In the following Figure 1 is shown large vari-
ability in density among 37 woody species in Northeast Mexico.

Thespecies of high density were Acacia schaffneri (1.10 g/cm®), Fraxinus greggii (1.02 g/cm?), Helietta par-
vifolia (1.00 g/cm?®), the species with médium density were Croton suaveolens (0.91 g/cm®), Karwinskia hum-
boldtiana (0.88 g/cm®), Acacia farnesiana (0.81 g/cm?), and the species with low density Diospyros texana
(0.64 g/cm?), Forestiera angustifolia, Cordia boissieri (0.63 g/cm?®) Salix lasiolepis (0.51 g/cm?).

On the basis of the results of wood density we can classify woody species in the following:

Very hard: Acacia shaffneri (1.096), Fraxinus gregii (1.016), Helietta parviflora (0.998). Bernardia myrici-
folia (0.975).

Hard: Acacia rigidula (0.974), Quercus virginiana (0.962), Berberis chococo (0.961), Prosopis laevigata
(0.953). The Woods of these species could be recommended for manufacture of furniture and doors.

Medium hard: Gymnosperma glutinosum (0.942), Sargentia gregii (0.929), Croton suaveolens (0912), Ey-
senhardtia polystachya (0.910), Ebenopsis ébano (0.909), Cercidium macrum (0.901). These species could be
recommended for soft wood furniture, fences, fire wood, vegetablecarbon.

Soft: Acacia wrighttii (0.896), Karwinskia humboldtiana (0.884) Acacia berlandieri (0.875), Amyris texana
(0.863). These species may be used for fire wood or paper pulp depending on fibre cell characteristics.

Very soft: Leucaena leucocephala (0.6733), Zanthoxylum fagara (0.6610), Diospyros texana (0.642), For-
estiera angustifolia (0.6338), Cordia boissieri (0.6258), Salix lasiolepis (0.513). These Woods may be used for
fire Wood, fences etc.

3.2. Characterization of Wood Fibres of the Selected Woody Species Varying in
Wood Density

In the following Table 3 is shown the fibre cell dimensions of 30 species only.

One can select species desirable for strong furniture making, paper pulp, soft furniture, fence etc.

It is observed that there exists large variation in wood fibre cell dimension on the basis of which we can clas-
sify species.

Species with very long fibre cells (>500 pm): Quercus polymorpha (709.39), Celtis laevigata (657.58), Heli-
etta parvifolia (647.78), Ehretia anacua (644.66), Acacia farnesiana (598.58) Ziziphus obtusifolia (591.09),
Acacia rigidula (581.53), Gochnatia hypoleuca (563.30), Fraxinus greggii (535.67), Cordia boissieri (518),
Karwinskia humboldtiana (507.33), Acacia shaffneri (501.17). It is to be considered that for imparting strength,
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Table 1. The Wood density of 37 woody species of Tamaulipan thornscrub.

Name common

Huizache chino
Barreta china
Barreta
Oreja de raton
Chaparroprieto
Encino
paloamarillo
Mezquite
Tatalencho
Chapoteamarillo
Salvia
Varadulce
Ebano
Palo verde
Ufia de gato
Coyotillo
Huajillo
Barretilla
Brasil
Anacua
Lantana
Huizache
Cenizo
Coma
Guayacan
Granjeno
Retama
Chapotemanzano
Palo blanco
Tenaza
Hierba del potro
Leucaena
Colima
Chapoteprieto
Panalero
Anacahuita

Sauce

Name scientific

Acacia shaffneri
Fraxinus greggii
Helietta parvifolia
Bernardia myricifolia
Acacia rigidula
Quercus virginiana
Berberis chococo
Prosopis laevigata
Gymnosperma glutinosum
Sargentia gregii
Croton suaveolens
Eysenhardti apolystachya
Ebenopsis ebano
Cercidium macrum
Acacia wrightt
Karwinskia humboldtiana
Acacia berlandieri
Amyris texana
Condalia hoockeri
Ehretia anacua
Lantana macropoda
Acacia farnesiana
Leucophyllum frutescens
Bumelia celastrina
Guaiacum angustifolium
Celtis pallida
Parkinsonia aculeata
Diospyros palmeri
Celtis laevigata
Harvadia pallens
Caesalpinia mexicana
Leucaena leucocephala
Zanthoxylum fagara
Diospyros texana
Forestiera angustifolia
Cordia boissieri

Salix lasiolepis

Family

Fabaceae
Oleaceae
Rutaceae
Euphrobiaceae
Fabaceae
Fabaceae
Berberidaceae
Fabaceae
Asteraceae
Rutaceae
Euphrobiaceae
Fabaceae
Fabaceae
Fabaceae
Mimosaceae
Rhamnaceae
Fabaceae
Rutaceae
Rhamnaceae
Boraginaceae
Verbenaceae
Fabaceae
Scrophulariaceae
Sapotacee
Zygophyllaceae
Ulmaceae
Fabaceae
Ebenaceae
Ulmaceae
Fabaceae
Fabaceae
Fabaceae
Rutaceae
Ebenaceae
Oleaceae
Boraginaceae

Salicaceae

type

Tree
Tree
Shrub
Shrub
Shrub
Tree
Shrub
Tree
Shrub
Tree
Shrub
Shrub
Tree
Tree
Tree
Shrub
Tree
Shrub
Tree
Tree
Shrub
Shrub
Shrub
Tree
Shrub
Shrub
Tree
Tree
Tree
Tree
Tree
Tree
Shrub
Tree
Shrub
Tree

Tree

Leaf type

compuesta
compuesta
compuesta
simple
compuesta
simple
compuesta
compuesta
simple
compuesta
simple
compuesta
compuesta
compuesta
compuesta
Simple
compuesta
compuesta
Simple
simple
simple
compuesta
simple
simple
compuesta
simple
compuesta
simple
simple
compuesta
compuesta
compuesta
compuesta
simple
simple
Simple

simple

Density
glem®

1.0960
1.0165
0.9986
0.9752
0.9749
0.9622
0.9611
0.9536
0.9422
0.9296
0.9121
0.9105
0.9096
0.9010
0.8968
0.8846
0.8756
0.8631
0.8507
0.8236
0.8210
0.8080
0.7868
0.7853
0.7836
0.7768
0.7568
0.7222
0.7170
0.7065
0.6927
0.6733
0.6610
0.6420
0.6338
0.6258
0.5138

SD

0.0591
0.1298
0.1702
0.0919
0.0926
0.1889
0.1077
0.0771
0.1349
0.1264
0.1371
0.0837
0.0652
0.1042
0.0821
0.0802
0.0631
0.0725
0.1432
0.1188
0.2520
0.0902
0.1827
0.0775
0.1423
0.0649
0.0868
0.0637
0.0349
0.0608
0.0372
0.0809
0.0430
0.0548
0.0325
0.0467
0.0423
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Table 2. Kwalis analysis of 37 woody species of Tamaulipan thornscrub.

Statistical
Variable x° Valor p
Density (g/cm®) 254.92 <0.001
Table 3. Fibre cell dimensions of 30 species.
specie LENGTHum  BREADTHUM  {CiECum  BREADTHBER
Average Std Average Std Average Std Average Std
Acacia berlandieri 464 159.70 23.52 7.40 2.98 142 19.73 21.58
Acacia farnesiana 598.58 255.24 16.66 8.22 2.94 1.10 35.93 31.05
Acacia shaffneri 501.17 248.84 16.85 9.90 2.94 1.48 29.74 25.14
Acacia wrightii 438.06 214.92 15.68 6.56 2.89 0.95 27.94 32.76
Bernardia myricifolia 450.59 105.04 22.73 8.72 3.13 1.48 19.82 12.05
Caesalpinia mexicana 464.71 110.31 20.18 8.49 3.28 1.75 23.03 12.99
Capsicum annuum 437.26 93.12 18.62 10.33 2.84 1.03 23.48 9.01
Celtis laevigata 657.58 246.60 17.64 12.04 3.08 1.46 37.28 20.48
Celtis pallida 471.97 162.82 14.11 6.9 3.08 1.08 33.45 23.60
Condalia hookeri 398.47 161.13 17.64 10.09 3.23 1.52 22.59 15.97
Cordia boissieri 518.03 155.09 16.46 7.25 3.72 1.8 31.47 21.39
Croton terreyanus 453.53 101.78 14.73 7.67 3.23 1.15 30.79 13.27
Diospyros palmeri 486.47 152.47 18.03 8.48 3.08 1.08 26.98 17.98
Ehretia anacua 644.66 270.67 11.56 3.8 4.45 3.11 55.77 71.23
Eysenhardtia polystachya 477.65 96.88 19.99 8.62 2.84 1.14 23.89 11.24
Forestiera angustifolia 488.43 72.21 23.91 5.99 4.80 0.85 20.43 12.06
Fraxinus greggii 535.67 150.90 17.64 13.42 2.74 117 30.37 11.24
Gochnatia hypoleuca 563.30 176.16 17.24 5.79 2.94 121 32.67 30.42
Helietta parvifolia 647.78 209.75 15.48 4.88 2.94 1.3 41.85 42.98
Karwinskia humboldtiana 507.33 219.48 15.68 10.47 3.08 1.19 32.36 20.96
Lantana macropoda 391.60 86.18 14.30 7.97 2.59 0.76 27.38 10.81
Leucophyllum frutescens 438.45 94.49 16.66 7.47 3.08 1.19 26.32 12.65
Morus celtidifolia 454.72 130.86 15.68 6.26 2.74 0.80 29 20.90
Parkinsonia aculeata 473.33 110.03 31.64 8.55 6.86 0.98 14.96 12.87
Prosopisla evigata 412.97 190.85 10.78 2.96 2.84 0.90 38.31 64.48
Quercus polymorpha 709.39 190.17 13.72 6.26 2.59 0.58 51.70 30.38
Salix lasiolepis 455.11 150.25 16.07 6.78 343 1.30 28.32 22.16
Zantoxyllum fagara 454.13 155.8 16.07 8.57 3.23 1.15 28.26 18.18
Ziziphus obtusifolia 591.09 150.72 20.58 7.20 2.98 1.33 28.72 20.93

several factors need to be mentioned such as not only length, but also wall thickness, length breadth ratio are
important. It is expected that the species having long fibres are expected to produce strong wood or strong paper
pulp. Some of the species viz. Acacia farnesiana, Cordia biosiieri Leucophyllum leucocephala have desirable
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Figure 1. Variability in wood density of thirty seven species of Tamaulipan thornscrub.

characteristics for good paper pulp for having one bigger fibre breadth and thin cell wall.

The species having high value of length/breadth ratio of fibre cells are expected to produce strong wood fibres
were: Ehretia anacua (55.77), Quercus polymorpha (51.71), Helietta parvifolia (41.85), Prosopis laevigata
(38.31), Celtis laevigata (37.28), Acacia farnesiana (33.95), Celtis pallida (33.45), Gochnatia hypoleuca (32.67),
Karwinskia humboldtiana (32.36), Cordia boissieri (31.47). These could be recommended for paper pulp
manufacture also.

Species having broad breadth are expected to be desirable for paper pulp production which could be selected
from the table.

In the following are depicted the wood fibre cell morphology of the selected woody species. A large variabil-
ity is seen in the fibre length, breadth and lumen of the wood fibres of these species.

Fraxinus greggii A. Gray
10x 40%
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Acacia rigidula Benth.

10x 40%

Acacia schaffneri (L.) Willd.

10x 40%

Bernardia myricifolia (Scheele) Benth. & Hook. f.

40x
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Medium Hard

Celtis laevigata Willd.

10x

40%

Prosopis lavaegata, (Humb. & Bonpl. ex Willd) M. C. Johnst

10x

40x%

Very Soft

Cordia hoissieri A. DC.

10x

40x
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Acacia farnesiana (L.) Willd
10x ] 40x

E \&

It is observed that in general the species having high wood density (hard) possess thick fibre cell wall and
narrow lumen, while those with low density (soft wood) possess thin cell wall and broader lumen.

ke

4. Discussion

In the present study, there exists a large variability in wood density among 37 woody species in Northeastern
Mexico. It is observed that the following species with very hard to hard woods possess open canopy where all
leaves are exposed to solar radiation for efficient photosynthesis and probably high carbén fixation. Acacia
shaffnei (1.01 g/cm?®), Bernardia myricifolia (0.97 g/cm?), Acacia rigidula (0.97 g/cm®). The species with semi-
close leaf canopy possess médium hard wood Ebenopsis ébano (0.96 g/cm?), Acacia wrightii (0.89 g/cm®). The
following species with close leaf canopy possess very soft wood Diospyros texana (0.64g/cm®), Forestiera an-
gustifolia (0.83 g/cm®), Cordia boissieri (0.62 g/cm®). The variability in wood density enables in selection of
species with hard, medium or soft wood for use in the manufacture of furniture, doors and others.

It is well known that wood density contributes to the quality of wood and its utility in wood industry. In this
respect, the results of the present study coincide with the findings of several authors in determining wood den-
sity of woody species in different geographical regions. Variability in wood density is reported in tropical tree
species [2] [5] [16]. The present study on wood density is located only in one location showing large variability
among species thereby giving opportunity to select desirable species for timber production. It is well docu-
mented that wood density varies in different ecological condition. Wood density is positively related to drought
resistance [11] [12]. On the other hand, wood density is negatively associated with soil fertility [7]. Similarly
Wieman and Wiliamsen [14] working on North American species show positive association with precipitation.
Wood density plays a vital role in the ecological strategies of woody plants [20].

Wood fibre cell length and cell wall thick contribute a lot to wood quality for which wood technologists are
interested to determine wood fibre dimensions. One can select species desirable for strong furniture making,
paper pulp, soft furniture, fence etc. Variability in wood fibre dimensions and its possible relation with wood
quality and utility is reported by Maiti et al. [23] in woody species of Northeastern Mexico. It is observed that in
general species having high wood density possess fibre thick cell wall and thin lumen which needs to be con-
firmed in future study. In the present study, we studied morphology of woods of only selected woody species
varying in wood density. Variability in wood density and fibre length was observed at different ages of Euca-
lyptus grandis Bhat Blar Dharmadharaan [24]. It is well documented in vegetable fibres that the species having
long fibre cell length and high length/breadth ratio contribute to strong fibres used for cordage, gunny bags and
other textile materials. While the species having high breadth/lumen breadth and thin wall are suitable for fabri-
cation of paper pulp [25] [26] and also by the present study we observe that the species with high wood density
have high cell wall thickness while those with less low density (soft wood) have low cell wall thickness. With
respect to fibre cell characterization, one can select species desirable for strong furniture making, paper pulp.
Soft furniture, fence etc. It is well documented in vegetable fibres that the species having long fibre cell length
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and high length/breadth ratio contributed to strong fibres used for cordaje, gunny bags and other textile materials
paper pulp [25] [26].

It is well documented in vegetable fibres that the species having long fibre cell length and high length/breadth
ratio contributed to strong fibres used for cordaje, gunny bags and other textile materials. While the species
having high breadth/lumen breadth and thin wall are suitable for fabrication of paper pulp [25] [26].

Species having high wall thickness are expected to produce strong fibre for high lignification which could be
selected from the table. The results on fibre dimensions in the present study coincide with the findings by sev-
eral authors mentioned before for its possible utility with respect to variability in fibre cell dimensions .Though
the present study was concentrated on the characterization of fibre cells Maiti et al. [23], various studies have
documented on the properties of wood fibre cells and their utility in wood and paper industry.
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