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Abstract
Genetic variability of growth, wood density and fibre characters was determined in twenty second-generation clones 
of Acacia auriculiformis grown at IFGTB- Field Research Station, Neyvli, Tamil Nadu, India. Total volume revealed 
high phenotypic (29.10 %) and genotypic coefficient of variation (31.30%). Moderate PCV and GCV values were 
observed for height, fibre lumen diameter, Runkel ratio, slenderness ratio and wood density. The volume and fibre 
lumen diameter had high heritability 86 and 76 per cent, respectively. Fibre length, Runkel ratio, slenderness ratio 
and rigidity coefficient showed high heritability coupled with high to moderate genetic advance. Twenty clones was 
formed into four clusters by D2 analysis. Maximum inter-cluster distance was recorded between cluster II and cluster 
IV (7.396) and minimum inter-cluster distance was recorded between clusters II and IV (3.364). Higher intra-cluster 
values were observed in clusters I (4.171) and lower values in cluster III (3.179). Selection of clones based on clusters 
provides an opportunity for further  improvement of growth and wood quality.
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INTRODUCTION
Acacia auriculiformis is a fast-growing, multipurpose tree 
species belonging to the family Mimosoideae. The species 
grows in natural stands up to 30 m in height and 60 cm 
in diameter (Phi, 2009; Ismail et al., 2012). It is native to 
Australia, Papua New Guinea, Indonesia (Pinyopusarerk 
et al., 1991) and the species is widely planted in Malaysia, 
Vietnam, India, Zaire, Tanzania, and Nigeria (Shukla et 
al., 2007; Phi, 2009). In India, it has been planted in West 
Bengal, Bihar and Andhra Pradesh, Karnataka, Orissa, 
Uttar Pradesh and Maharashtra (Barari, 1993).  It has a 
maximum percentage of straight-grained heartwood with 
fine to medium texture. Wood density ranged between 
0.500 and 0.800 g cm-3 and it is heavy, durable, light brown 
to dark red. It is widely used for making round wood, 

building poles, light construction, flooring, industrial and 
domestic woodware, wood carvings, turnery, furniture, 
composite boards, wood cement, fuelwood charcoal 
(Pinyopusarerk,1990; Anup et al., 2017). The wood is 
also used for making wood chips, pulp, paper, plywood 
and fibre board (Pinso and Nasi,1991). The bark contains 
tannins that have great scope for utilizing as a natural dye 
in textile industries. A. auriculiformis is used to check soil 
erosion, soil improvement, restoration of degraded land 
and host plant for  lac cultivation. (Pinyopusarerk,1990; 
Orwa et al., 2009) .     
  
The main objective of a tree improvement program is the 
selection of genotypes with a wide adaptability, higher 
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wood volume with desirable stem form and wood quality 
(Doede and Adams, 1998; Zobel and Talbert, 1984). 
Wood-based industries emphasise on improving the 
wood quality to fit the industrial requirement of sawlog, 
pulp and paper industries (Lepoittevin et al., 2011). 
The tree improvement programs require knowledge 
on variability, genetic control and their relationship with 
growth and wood traits (Stackpole et al., 2010, 2011; Ma 
et al., 2015). The presence and maintenance of genetic 
variation in tree population plays a significant role in 
forest ecosystem long-term stability (Libby et al., 1997). 
The exploitation of variations is an important step in the 
genetic improvement of any tree species. Variation in 
growth traits were  recorded in various provenances of 
Albizia lebbeck (Thakur et al., 2014) and seed sources 
of Acacia catechu (Prakash, 2011). The clonal variation 
and genetic divergence were recorded in species of 
Eucalyptus (Vennila, 2009), Dalbergia (Dhixya Deve and 
Parthiban, 2014) Casuarina (Parthiban et al., 2018) and 
Cadamba (Thirunirai Selvan and Parthiban, 2018).

Acacia is a cross-pollinated tree with a wide genetic 
variation present in nature as well as planted forests. Clonal 
propagation of Acacia plays an important role in capturing 
immediate genetic gains in wood yield. High levels of 
genetic variation in the breeding material provides good 
opportunities to the breeder for the selection of genotypes 
with desirable traits. The information and estimation 
of genetic variability is desirable and prerequisite for 

any tree improvement program (Zobel, 1971; Johnson 
et al., 1955). The presence of variability in anatomical 
characteristics has a profound influence on the wood 
properties (Dadswell, 1957; Burley and Palmer, 1979). 
Studies on wood properties in A. auriculiformis have 
been studied in different ages by Varghese et al. (1999), 
Ishiguri et al. (2004) and Shukla et al. (2007). However, in 
India, a few studies were available on genetic variability 
on growth, density and fibre property in A. auriculiformis.  
The assessment of genetic variation of growth and 
wood traits among the genotypes and clones are very 
much essential  tree  improvement programs. Hence, 
the present study was conducted to estimate genetic 
variability of growth, wood density and fibre characters in 
20 second-generation clones of A. auriculiformis grown in  
Tamil Nadu, India.

MATERIALS AND METHODS
Early introduction of A. auriculiformis in India resulted in 
a land race of poor form and growth. It produced multiple 
and crooked stems  and reduced the utility of species only 
to fuel wood. Systematic tree improvement program of A. 
auriculiformis was initiated in Institute of Forest Genetics 
and Tree Breeding (IFGTB), Coimbatore during 1996 
with the collaboration of Australian Tree Seed Centre, 
CSIRO for improving stem form and wood productivity. 
Unpedigreed breeding populations were established with 
a bulk seed lot drawn from 1030 trees selected in seed 
orchards in Australia, PNG, Fiji and Thailand. Substantial 

Table 1. Details on origin of the second generation A.auriculiformis clones 

S. No. Clone Code Pedigree Source Geographical coordinates
Latitude Longitude

1 IFGTBAA 1 RI-90/3(R5 C8) SGPANAMPALLY 10°47’15.5”N 76°45’46.4”E
2 IFGTBAA 2 RI-90/1 SGPANAMPALLY 10°47’15.5”N 76°45’46.4”E
3 IFGTBAA 4 RI-37/3(C15) SGPANAMPALLY 10°47’15.5”N 76°45’46.4”E
4 IFGTBAA 7 RV-87/1(R1 C4) SGPANAMPALLY 10°47’15.5”N 76°45’46.4”E
5 IFGTBAA 18 RVI-119/1 SGPANAMPALLY 10°47’15.5”N 76°45’46.4”E
6 IFGTBAA 19 RII-129/4 SGPANAMPALLY 10°47’15.5”N 76°45’46.4”E
7 IFGTBAA 20 RI-113/3 SGPANAMPALLY 10°47’15.5”N 76°45’46.4”E
8 IFGTBAA 23 RIII-95/3 SGPANAMPALLY 10°47’15.5”N 76°45’46.4”E
9 IFGTBAA 26 2 SGNILAMBUR 11° 16’ 40.2096’’N 76° 14’ 34.2744’’E

10 IFGTBAA 27 3 SGNILAMBUR 11° 16’ 40.2096’’N 76° 14’ 34.2744’’E
11 IFGTBAA 28 4 SGNILAMBUR 11° 16’ 40.2096’’N 76° 14’ 34.2744’’E
12 IFGTBAA 30 6 SGNILAMBUR 11° 16’ 40.2096’’N 76° 14’ 34.2744’’E
13 IFGTBAA 34 10 SGNILAMBUR 11° 16’ 40.2096’’N 76° 14’ 34.2744’’E
14 IFGTBAA 42 RI-111/1 SGPALLODE 8° 44’ 6.3924’’N 77° 3’ 18.3996’’E
15 IFGTBAA 46 RI-46/3 SGPALLODE 8° 44’ 6.3924’’N 77° 3’ 18.3996’’E
16 IFGTBAA 51 RIV-58/3 SGPALLODE 8° 44’ 6.3924’’N 77° 3’ 18.3996’’E
17 IFGTBAA 54 RII-52/3 SGWADAKANCHERY 10° 39’ 28.2276’’N 76° 14’ 29.9544’’E
18 IFGTBAA 59 RIII-4/2 SGWADAKANCHERY 10° 39’ 28.2276’’N 76° 14’ 29.9544’’E
19 IFGTBAA 60 RII-83/4 SGWADAKANCHERY 10° 39’ 28.2276’’N 76° 14’ 29.9544’’E
20 IFGTBAA 62 RIII-118/4 SGWADAKANCHERY 10° 39’ 28.2276’’N 76° 14’ 29.9544’’E
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improvement in growth and stem was observed in the 
introduced seed lot compared to the local germplasm. 
After two successive thinning to remove inferior trees, the 
breeding populations were converted into seedling seed 
orchards. During 2005, superior trees were selected from 
the first generation seed orchards based on stem form 
and wood volume and the open-pollinated seeds collected 
from them were used to establish half-sib progeny trials 
in Panampally, Nilambur, Palode and Wadakancherry, 
Kerala. Evaluated second-generation progeny trials of 
A. auriculiformis and many families showed significantly 
better tree form and productivity over the local seed 
lots. About  20 outstanding trees were selected based 
on superiority in stem form, volume, wood quality and 
propagated through rooting of coppice shoot cuttings 
(Mayavel et al., 2018). The details on the origin of the 
clones are presented in Table 1. 

The clonal evaluation trial of A. auriculiformis was 
established with 20 clones at IFGTB-Field Research 
Station, Neyveli, Cuddalore, Tamil Nadu (11°54’32” N,  
79°47’60” E, 87 MSL) India during 2014. The area receives 
an annual rainfall of about 980.44 mm, the mean maximum 
summer temperature (April–June) of 37.62°C and the 
mean minimum temperature (December–February) of 
28.75°C . The clones were planted at an espacement of 
3 × 3 m in Row Column Design with four replications and 
each replication consisted of four ramets. The topography 
is almost flat, with red sandy loam soil. The clonal trial 
of A. auriculiformis was evaluated for growth parameters 
and wood traits during 2018, at the age of four. Data on  
tree height was measured using height measuring pole, 
diameter at breast height (DBH), was taken with the help 
of measuring tape at the age of harvesting.

The volume was calculated as per the method suggested 
by Huong (2020).

Standing volumes were calculated as:  
                             V = π( D/200)2*H*F

Where, V is the stem volume in m3, D is DBH in cm, H is 
total height in m and F is a form factor (0.475). 

The wood core samples were extracted 1.37 m height 
from the base in the north-south direction using increment 
borer. Samples were considered for anatomical studies 
viz., fibre length, fibre diameter, wall thickness and wood 
density. These samples were cut into small pieces with a 
razor blade and placed in test tubes containing Hydrogen 
peroxide (H2O2), water and glacial acetic acid in the ratio 
of 1:4:5 followed by maceration (Peterson et al., 2008). 
After that the 20 (μm) transverse sections of the core 
samples put into a test tube and kept in a hot water bath 
at 70ºC in 12-18 hours, the samples turn into white colour 
macerated form from yellow colour. Macerated samples 
were prepared with sliding and then stained with safranin, 
dehydrated in a graded ethanol series and mounted on 

glass slides. Photomicrographs taken with a digital live 
camera (Nikon eclipse Ci) mounted on a microscope 
were used for measuring fibre length, fibre diameter and 
fibre wall thickness measured for 30 fibres at each clone 
using NIS elements software. The pulp and paper quality 
can be estimated using the following indices: Runkel ratio 
(Runkel, 1949), Luce’s shape factor (Luce, 1970), flexibility 
coefficient (Malan and Gerischer, 1987), slenderness ratio 
(Malan and Gerischer, 1987), solids factor (Barefoot et 
al., 1964) and wall coverage ratio (Hudson et al., 1998). 

The analysis of variance for testing the variance among 
treatments was carried out as per the method suggested 
by Panse and Sukhatme (1967). Phenotypic Co-efficient 
of Variation (PCV) was arrived at by using the formula 
as described by Burton (1952). Broad sense heritability 
(h2) was calculated according to Lush (1940). The genetic 
advance was worked out based on the method of Johnson 
et al. (1955). The values of Phenotypic and genotypic 
variance heritability and genetic advance as per cent 
of mean (GAM) were classified (Johnson et al., 1955).  
Mahalanobis D2 statistics were used for the calculation of 
genetic divergence between clones using R version 3.1.2. 
Grouping of the clones into various clusters were  done 
based on growth, wood density, and fiber parameters 
using Mahalanobis D2 statistics.

RESULTS AND DISCUSSION
The genetic parameters can be used to estimate the 
amount of benefit that can be expected from various 
provenances/populations. The variance between 
populations is widely used to measure the degree of 
genetic control for a specific trait and as an indicator 
of overall genetic variation (Foster and Shaw, 1988). 
Variability in anatomical characteristics has a big impact 
on wood properties including cell size, proportion and 
arrangement of different components, and basic gravity 
(Burley and Palmer, 1979). The overall variability of 
different growth and wood characters does not include 
details about how to identify the characters with the most 
variability.Therefore the estimates of GCV and PCV are 
needed for quantifying the extent of variability in different 
characters.

The general statics for 20 clones are presented for 
different wood density and growth parameters. The extent 
of variability present in the 20 clones of A. auriculiformis 
were  measured in terms of mean, range, phenotypic 
coefficient of variation (PCV), genotypic coefficient of 
variation (GCV), heritability and genetic advance as per 
cent of mean (GAM) are presented in Table 2. The wide 
range of variation was recorded for total height (7.29–
12.21 m), DBH (9.05–12.63 cm), wood density (0.410- 
0.580 gcm-3), total volume (0.02 - 0.07 m3),  fibre length 
(785.39 - 1140.59 µm), fibre diameter (18.20- 24.30 µm), 
lumen diameter (9.40 - 14.10µm), cell wall thickness (8.40 
- 10.70 µm), runkel ratio (0.69 - 1.13), flexibility coefficient 
(47.90-59.90), slenderness ratio (38.20 - 59.90), rigidity 
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coefficient (0.40 - 0.50), wall fraction (40.30 - 52.10), luce’s 
shape factor (0.47 - 0.63). The presence of variability 
among the clones of A. auriculiformis will help in selecting 
outstanding clones in the existing clonal assemblage 

Burton (1952) proposed that combining the genetic 
coefficient of variation with heritability estimates could 
provide an accurate estimate of the genetic benefit 
expected from selection. It has been stated that having 
a high heritability combined with a high GCV is beneficial 
for practising selection (Hanson et al., 1956). Higher 
magnitude of the phenotypic coefficient of variation over 
the genotypic coefficient of variation was observed for 
all the growth, wood density and fiber characters of A. 
auriculiformis clones. The results indicated the influence 
of the environment on the expression of the characters. 
The PCV ranged from 7.87 to 31.30 and GCV ranged 
from 3.98 to 29.10 per cent among all the growth and fiber 
traits of acacia clones. Higher estimates of phenotypic 
and genotypic coefficient of variation were obtained for 
total volume (31.30 and 29.10 %). The moderate PCV 
and GCV were recorded in height (15.31 and 10.89 %), 
lumen diameter (14.00 and 12.18%), runkel ratio (13.00 
and 11.09 %), slenderness ratio (12.86 and 10.94%) and 
wood density (11.50 and 10.05%). The traits registered 
high and moderate values of PCV and GCV have the 
scope for selection of parents for the breeding program. 
Whereas the lower values PCV and GCV were recorded 
on DBH (9.74 and 7.01 %), fiber diameter (9.92 and 7.20 
%), double wall thickness (8.16 and 4.50 %), flexibility 
coefficient (7.87 and 3.98 %) and wall fraction (5.00 
and 4.80 %). High genotypic coefficient of variation  
and phenotypic coefficient of variation  was recorded in 
volume and the moderate height, lumen diameter, runkel 
ratio  slenderness ratio and wood density. The variability 
parameter estimates in the current investigation are in 

Table 2. Genetic parameters of growth traits and wood characteristics

Traits General 
mean

Range GCV
(%)

PCV
(%)

ECV
(%)

h²
(%)

GA(%) of 
Mean

Height  (m) 8.65 7.29 - 12.21 10.89 15.31 10.76 51.00 15.95
Diameter at breast height (cm) 10.91 9.05 - 12.63 7.01 9.74 6.77 52.00 10.38
Fibre Length (µm) 941.52 785.39- 1140.59 8.69 11.03 6.79 62.00 14.12
Fibre width (µm) 20.65 18.20 - 24.30 7.20 9.92 6.83 53.00 10.76
Fibre Lumen Diameter (µm) 11.13 9.40 - 14.10 12.18 14.00 6.90 76.00 21.83
Double wall Thickness 9.52 8.40 - 10.70 4.51 8.16 6.80 31.00 5.14
Runkel Ratio 0.91 0.69 - 1.13 11.09 13.00 6.79 73.00 19.49
Luce Shape Factor 0.56 0.47 - 0.63 5.47 8.95 7.08 37.00 6.89
Flexibility Coefficient 53.42 47.90 - 59.90 3.98 7.87 6.79 26.00 4.15
Slenderness Ratio 46.96 38.20 - 59.90 10.94 12.86 6.77 72.00 19.16
Rigidity Coefficient 0.48 0.40 - 0.50 8.59 10.72 6.43 64.00 14.16
Wall Fraction 46.60 40.30 - 52.10 5.00 8.40 6.75 35.00 6.12
Volume (m3) 0.04 0.02 - 0.07 29.10 31.30 11.52 86.00 55.74
Wood density ( gcm-3) 0.47 0.41 - 0.58 10.05 11.50 6.93 52.00 10.85

close conformity with the findings of genetic parameters 
in Teak (Arun Prasad, 1996) Azadirachta indica (Dhillon 
et al., 2003), Pongamia pinnata (Kumaran, 1991), and 
Dalbergia sissoo (Dogra et al., 2005).

GCV does not give the entire variation present in the 
population and the variation in the population is the total of 
heritable and non-heritable components. Higher heritability 
estimates indicate that the phenotype of the traits is 
strongly influenced by the genotype. The heritability value 
ranged from 26  (Flexibility Coefficient) to 86  per cent 
(Volume). In the present investigation, high heritability 
was recorded in volume (86%), fibre lumen diameter (76 
%), runkel ratio (73 %), slenderness ratio (72%), rigidity 
coefficient (64%) and fibre length (62 %). Moderate 
heritability values in height (51%), diameter at breast 
height (52 %), fiber width (53 %), double wall thickness 
(31%), luce shape factor (37 %), wall fraction (35 %) and 
wood density (52 %) whereas flexibility coefficient (26 
%) registered the lower heritability values. Similarly, the 
high heritability estimates for volume index were earlier 
reported in Eucalyptus (Balaji, 2000), Casuarina (Ashok 
Kumar and Paramathma, 2005), Meliadubia (Kumar, 
2011 and Saravanan, 2012) and Leucaena leucocephala 
(Chavan and Keerthika, 2013).
       
Genetic advance indicates the amount of genetic 
advantage that can be achieved by selection, while 
heritability indicates how much of phenotypic variability 
is heritable. The genetic advance percentage of mean 
ranged from 4.15  to 55.74  per cent  and higher values were 
recorded in volume (55.74%) and fiber lumen diameter 
(21.83 %) whereas moderate value in height (15.95 %), 
diameter at breast height (10.38 %), fiber length (14.12 
%), fiberwidth (10.76), runkel ratio (19.46 %), slenderness 
ratio (19.16%), rigidity coefficient (14.16%) and wood 
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density (10.85 %). The lower GA values were registered 
in double wall thickness(5.14%), luce shape factor (6.89 
%), flexibility coefficient (4.15 %) and wall fraction (6.12). 
       
Estimates of heritability in a wide sense could be accurate 
if they are followed by a high level of genetic progress 
(Burton and Devane, 1953). In volume and lumen 
diameter, high heritability estimates were observed, as 
well as high genetic advance as a percentage of the mean. 
It indicates additive gene action, making selection based 
on these characteristics more effective. The fiber length, 
runkel ratio, slenderness ratio, and rigidity coefficient 
showed a high heritability with moderate genetic advance 
and the presence of a moderate amount of heritable 
additive genetic component that can be exploited for 
further selection and improvement of this species. Low 
heritability with the low genetic advance was registered 
in double wall thickness, luce shape factor, flexibility 
coefficient and wall fraction, indicates the presence of 
non-additive gene action. The present finding confirms the 
finding of Subramanian et al. (1995) reported that height, 
clear bole height, girth, diameter and basal area showed 
a moderate heritability and genetic advance in Eucalyptus 
grandis. Pande et al. (2013) also found a high heritability 
coupled with a moderate level of genetic advance and 
genetic gain for girth at breast height, specific gravity and 
height in L. leucocephala.

In any tree breeding programme, genetic diversity is 
important. Hybrids from different parents display more 
heterosis or hybrid vigour than closely related individuals. 
The current investigation was carried out to understand 
the genetic diversity among 20 clones of A.auriculiformis 
grown in Tamil Nadu, South India. Data collected for wood 

variables and growth traits for 20 clones were subjected 
to Mahalanobis’ D2 analysis and Tocher’ clustering to 
study the genetic divergence. On the basis of Euclidean 
distances, 20 clones were grouped into four clusters 
(Table 3). The maximum number of clones (11) was 
included in cluster II and other clusters I, II and cluster IV 
had 3 clones. The clones developed from different second-
generation orchards located in different geographical 
regions were grouped to form a larger cluster and it may 
be due to the growth, wood and fiber similarity pattern 
of clones. The clustering pattern in the present study 
supports the findings in C. equisetifolia by Vishnu et al. 
(2018) grouped 46 clones into 7 clusters, and Kumar and 
Gurumurthi (2000) grouped 42 clones into 12 clusters 
based on genetic divergence. Pande et al. (2013) grouped 
28 populations of Leucaena leucocephala into six clusters 
based on growth and wood traits. 

The inter-cluster values ranged from 4.061 (C II and C 
IV) to 7.396 (cluster III and IV) (Table 4). The maximum 
inter-cluster distance was recorded between cluster II and 
cluster IV (7.396) followed by clusters I and IV (6.620), 
and clusters II and III (6.120) whereas the minimum inter-
cluster distance was recorded between clusters II and IV 
(3.364). Intra-cluster distance ranged from 3.179 to 4.171 
and the maximum values were observed in clusters I 
(4.171) followed by cluster III (3.948) and the minimum 
values were recorded in cluster III (3.179). It indicates the 
presence of significant diversity within the cluster and the 
clones in cluster I and III could be selected for improving 
growth and wood traits through hybridization. Pande et 
al. (2013) reported hybridization between the populations 
selected from diverse clusters is expected to express 
higher heterosis and produce desirable recombinants.

Table 3. Composition of clusters for growth and wood traits among  A .auriculiformis clones

Cluster Height  
(m)

Diameter 
at breast 

height 
(cm)

Fibre 
Length 

(µm)

Fibre 
width 
(µm)

Fibre 
Lumen 

Diameter 
(µm)

Double 
wall 

Thickness

Runkel 
Ratio

Luce 
Shape 
Factor

Flexibility 
Coefficient

Slenderness 
Ratio

Rigidity 
Coefficient

Wall 
Fraction

Volume 
(m3)

Wood 
density 
(gcm-3)

I 8.98 11.31 965.19 23.48 13.27 10.21 0.83 0.52 56.03 42.16 0.43 44.02 0.042 0.521

II 8.05 10.35 923.64 19.88 10.52 9.35 0.94 0.56 52.56 47.72 0.50 47.44 0.032 0.465

111 10.22 12.21 909.69 21.63 12.53 9.13 0.76 0.50 57.63 43.37 0.40 42.43 0.058 0.438

1V 8.92 11.30 1015.25 19.67 9.83 9.83 1.05 0.60 49.73 52.60 0.50 50.26 0.043 0.489

 
Table 4. Intra- and inter-distances of clusters classified based on parameters of A .auriculiformis clones

Cluster 
number

Number 
of 

clones

Details of clones

I 3 IFGTBAA - 1, IFGTBAA- 4, IFGTBAA -18
II 11 IFGTBAA- 2, IFGTBAA -19, IFGTBAA -26, IFGTBAA- 28, IFGTBAA- 42, IFGTBAA- 46, IFGTBAA 

51, IFGTBAA -54, IFGTBAA- 59, IFGTBAA- 60,IFGTBAA- 62
III 3 IFGTBAA-7, IFGTBAA - 27, IFGTBAA - 34
IV 3 IFGTBAA -20, IFGTBAA -23,IFGTBAA -30



EJPB

495https://doi.org/10.37992/2021.1202.069

                                                              Mayavel et al.,

The mean values for different characters were calculated 
cluster-wise reveal considerable genetic differences 
among the clones (Table 5). Cluster III had the highest 
mean values height (10.22 m), diameter at breast height 
(12.21 cm), volume (0.058 cm) and flexibility coefficient 
(57.63).  Similarly, cluster IV had the maximum mean 
values for fiber length (1051.25 µm), luce shape factor 
(0.60), slenderness ratio (52.60) and runkel ratio (1.05). 
The higher mean values of fiber width (23.48 µm) and 
wood basic density (0.521 gcm-3) were shown in cluster I 

(Fig. 1). However, the minimum mean values for growth 
traits were observed in cluster II and wood properties in 
Custer III. The mean cluster values showed significant 
variations among the clusters. Cluster III showed a higher 
height, diameter at breast heights and tree volume. 
Cluster I showed a higher values of wood density, fiber 
length, fiber width double wall thickness and flexibility 
coefficient.  The dendrogram (Fig. 2) for 20 clones was 
prepared using Tocher Method to reveal a similar pattern 
of information.

Fig. 1. Fibre anatomy of A. auriculiformis clone IFGTBAA - 4

Fig. 2. Dendrogram developed through Tocher Method for different clones of A. auriculiformis

 

              
 
 (A) (B) 
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Table 5. Cluster mean value for growth and wood traits among A .auriculiformis clones

Cluster I Cluster II Cluster III Cluster IV
Cluster I 4.17 5.77 4.97 6.62
Cluster II 3.17 6.12 4.06
Cluster III 3.94 7.39
Cluster IV 3.23

Table 6.  Per cent  contribution of each character towards divergence of A. auriculiformis

Character % contribution
Height  (m) 0.00
Diameter at breast height (cm) 0.00
Fibre Length (µm) 11.57
Fibre width (µm) 9.47
Fibre Lumen Diameter (µm) 8.42
Double wall Thickness 0.52
Runkel Ratio 0.00
Luce Shape Factor 0.00
Flexibility Coefficient 17.89
Slenderness Ratio 18.42
Rigidity Coefficient 0.52
Wall Fraction 1.05
Volume (m3) 13.68
Wood density (gcm-3) 18.42
Total 100

The degree of diversification and relative contribution of 
each character to the total divergence was presented in 
Table 6.The present study, stem volume and slenderness 
ratio contributed maximum (18.42 %) towards divergence 
followed by flexibility co efficient (17.89 %), and wood 
density (13.68 %). Since these parameters contributed 
substantially towards total divergence and it could well 
be used as desirable traits for selection. The variation in 
the contributing factors for genetic divergence could be 
attributed to differences between clones and it might be 
due to environmental conditions at the locations of the 
clones and their associated interaction. 

The pattern of variability in A.auriculiformis within and 
between the clones will not only have an effect on higher 
growth for production of more wood but will also affect 
the product of wood. For development, wood, and fibre 
characters, there is a lot of genetic diversity among the 
clones, which indicates that they have a lot of room for 
improvement. The heritability of volume and lumen 
diameter was high, as was the genetic advance, and 
volume is a combined effect of tree height and DBH. 
Characters like height, DBH, volume, fibre length, lumen 
diameter, runkel ratio, slenderness ratio, and rigidity 
coefficient display a lot of genetic divergence and have 
a high heritability with a high genetic progress. These 
characteristics may be used to help choose a parent for the 

species’ improvement. Hybridization between populations 
selected from various clusters is expected to generate 
desirable recombinants and transgressive segregants 
with higher heterosis. Acacia clones found in clusters 
with a high mean values for tree height, DBH, volume, 
wood density, and fibre length may be used in future tree 
improvement efforts. Genetic divergence studies are an 
important tool for developing seed orchards with diverse 
parents so that improved seed can be harvested in the 
most cost-effective manner, as diverse parents would 
have equal opportunities for hybridization and seed 
development.

ACKNOWLEDGEMENT
The authors are thankful to Director General, Indian 
Council of Forestry Research and Education, Dehradun 
and Director, Institute of Forest Genetics and Tree 
Breeding, Coimbatore for carrying research work on long 
term Tree Improvement program of A. auriculiformis.

REFERENCES

Allard, R.W. 1960. Principles of Plant Breeding. John Wiley 
and Sons, Inc., New York.

Arun Prasad, K.C.A. 1996. Variability studies in teak 
(Tectona grandis Linn. f.). M.Sc. Thesis, Tamil Nadu 
Agricultural University, Coimbatore



EJPB

497https://doi.org/10.37992/2021.1202.069

                                                              Mayavel et al.,

Anoop, E.V., Jijeesh, C.M., Jinu, S., Vishnu, R., Anish, 
M.C. 2017. Identification and Characterization of 
Tension Wood in Acacia auriculiformis A. Cunn. 
ex Benth. and Acacia mangium Willd. Grown in 
Kerala. In: Pandey K., Ramakantha V., Chauhan 
S., Arun Kumar A. (eds) Wood is Good. Springer, 
Singapore. [Cross Ref]

Barefoot, A.C., Hitchings, R.G. and Ellwood, E.L. 1964. Wood 
characteristics and kraft paper properties of four 
selected Loblolly pines: Effect of fiber morphology 
under identical cooking conditions. Tappi., 47: 343-
356.

Barari, S. 1993. Attack of Ganoderma on Acacia auriculiormis 
and Acacia mangium. Ind For., 119 (9): 765.

Burley, J. and Palmer, R. R. 1979. Pulp and wood 
densitometric properties of Pinus caribaea from 
Fiji. CFI Occasional Paper, p. 66

Burton, G. W. 1952. Quantitative inheritance in grasses. 
in Proceedings of 6th International Grassland 
Congress. 17–23 August 1952, Pennsylvania. p. 
277–283.

Burton, G. W. and Devane E. H. 1953. Estimating heritability 
in tall fecue (Festuca arundinaceae) from 
replicated clonal material. Agron. J., 45: 478−481.  
[Cross Ref]

Chavan Sangram and Keerthika, A. 2013. Genetic Variability 
and Association Studies among Morphological traits 
of Leucaena leucocephala (Lam.) de Wit. Genetic 
Resources. Res. J.  Agr. For. Sci., 1: 23-29.

Dadswell, H. E. 1957. Tree growth characteristics and their 
influence on wood structure and properties. In: 
Proceedings of 7th British Commonwealth Forestry 
Conference, CSIRO. Australia, p. 19. 

Dhixya Deve, K. R. and Parthiban, K. T. 2014. Growth 
performance and variability of Dalbergia sissoo 
Roxb. Clones.  Electron. J.  Plant. Breed., 5 (2): 
317-321

Dhillon, Ravinder and Mohapatra, T. and Singh, S. and 
Boora, K.  and Singh, K. 2007. Assessment of 
genetic diversity in Azadirachta indica based on 
DNA fingerprinting. Ind. J. Biotech., 6: 435-448.

Dogra,  A. S.,  Nautial,  S.,  Nautiyal,  D. P.  and Singh,  
G.  2005. Evaluation of field performance of 34 
progenies of Dalbergia sissoo in Punjab. Ann. For., 
13 (2): 199-204.

Doede, D.L and  Adams, W.T. 1998. The genetics 
of stem volume, stem form, and branch  
characteristics in Sapling Noble Fir. Silvae Genet., 
47(4) : 177-183.

Falconer, D. S. 1982. Introduction to Quantitative Genetics. 
Longman House, Burnt Mill, Essex, UK. 

Foster, G.S and Shaw, D.V. 1988. Using clonal replicates 
to explore genetic variation in a perennial plant 
species. Theor. Appl. Genet., 76 (5): 788−794. 
[Cross Ref]

Hudson, I., Wilson, L. and Beveren, K. V. 1998. Vessel and 
fiber property variation in Eucalyptus globulus and 
Eucalyptus nitens: some preliminary results. IAWA 
J., 19:111-130. [Cross Ref]

Ishiguri, F., Yokota, S., Yoshizawa, N. and Ona T. 2004. 
Radial variation of cell morphology in three Acacia 
species. Pages 74 – 76 in T Ona, ed. Improvement 
of forest resources for recyclable forest products. 
Springer-Verlag, Tokyo, Japan. [Cross Ref]

Ismail, Haliza and Noraini, Abdul and Ab Shukor, Nor and 
Mohd Yusoff, Aziah and Yusoff, and Hasnida, Nor 
and Zainudin, Fadhilah and Abdullah, Nazirah 
and Suhaila, Siti and Rahman and Abdul. 2012. In 
vitro shoot induction of Acacia auriculiformis from 
juvenile and mature sources. J. Biotech.  Pharma. 
Res., 3: 88-93.

Johnson, H., Robinson, H. and Comstock, R. 1955. 
Estimates of Genetic and Environmental Variability 
in Soybeans 1. Agron. J., 47(7): 314-318.  
[Cross Ref]

Kumar, A. and Gurumurthi, K. 1996. Path coefficient studies 
on morphological traits in Casuarina equisetifolia. 
Ind. For., 122:727–730.

Kumar, A. and Paramathma, M. 2005. Correlation and path 
coefficient studies in Casuarina equisetifolia L. 
Johnson. Ind. For., 131(1):47-55. 

Kumaran, K. 1991. Genetic analysis of seed and juvenile 
seedling attributes in neem (Azadirachta indica A. 
Juss.) and pungam (Pongamia pinnata L. Pierre). 
M.Sc. (For.) Thesis, Tamil Nadu Agricultural 
University, Coimbatore, India.

Lepoittevin, C., Rousseau, J., Guillemin, A., Gauvrit, C., 
Besson, F., Hubert, F., da Silva Perez, D., Harvengt, 
L. and Plomion, C. 2011. Genetic parameters of 
growth, straightness and wood chemistry traits 
in Pinus pinaster. Ann. For. Sci., 68 (4):873-884. 
[Cross Ref]

Libby, W., Bridgwater, F., Lantz, C. and White, T. 1997. Genetic 
diversity in commercial forest tree plantations: 
introductory comments to the 1994 SRIEG 
meeting papers. Can. J. For. Res., 27 (3):397-400.  
[Cross Ref]

Luce, G. E. 1970. Transverse collapse of wood pulp fibers: 
fiber models. In: Page DH (ed) The physics and 

https://doi.org/10.1007/978-981-10-3115-1_15
https://doi.org/10.2134/agronj1953.00021962004500100005x
 https://doi.org/10.1007/BF00303527
https://doi.org/10.1163/22941932-90001514
https://doi.org/10.1007/978-4-431-53963-6_14
https://doi.org/10.2134/agronj1955.00021962004700070009x
https://doi.org/10.1007/s13595-011-0084-0
https://doi.org/10.1139/x96-197


EJPB

498https://doi.org/10.37992/2021.1202.069

                                                              Mayavel et al.,

chemistry of wood pulp fibers (Special Technical 
Association publication, no. 8). Technical 
Association of the Pulp and Paper Industry, New 
York,p. 278-281.

Malan, F. S. and Gerischer, G. F. R. 1987. Wood property 
differences in South African grown Eucalyptus 
grandis trees of different growth stress intensity. 
Holzforschung., 41: 331-335. [Cross Ref]

Mayavel, A., Maheshwar, H., Palanisamy, K., Anandalakshmi, 
R., Vijayaraghavan, A., Rajasugunasekar, D. and 
Warrier, C.S. 2018. Exploration, collection and 
Conservation of Genetic Resources of FGRMN 
prioritized species. In: Forest Genetic Resource 
Management, K. Palanisamy amd Mohit Gera 
(Eds.), Institute of Forest Genetics and Tree 
Breeding, Coimbatore, India. p. 92-111.

Orwa, C. Mutua, A., Kindt, R., Jamnadass, R. and  Anthony, 
S., 2009: Acacia auriculiformis. Agroforestree 
Database, www. worldagroforestry. org/ resources 
/ databases/ agroforestree.

Pande, P., Kumar, A., Ravichandran, S., Naithani, S., Kothiyal, 
V., Kishore, P., Raturi, A., Gautam, P., Dobhal, S. 
and Sharma, S. 2013. Genetic analysis of growth 
and wood variations in Leucaena leucocephala 
(Lam.) de Wit. J. For. Res., 24 (3): 485-493.  
[Cross Ref]

Panse and Sukhatme. 1961. Statistical Methods for 
Agricultural Workers. New Delhi, ICAR.

Parthiban, K.T., Kanagaraj, N., Palanikumaran, B. and 
Krishnakumar, N. 2018. Development of DUS 
descriptor for Casuarina genetic resources. Int. J. 
Genet., 10(1): 333-338. [Cross Ref]

Pinso, C. and Nasi, R. 1991. The potential use of Acacia 
mangium × Acacia auriculiformis hybrid in Sabah. 
ACIAR workshop on hybridization and vegetative 
propagatiosn of Australian Tropical Acacias.1- 4 
July, 1991, Sabah, Malaysia.

Pinyopusarerk, K. 1990. Acacia auriculiformis: an 
annotated bibliography. Bangkok, Thailand: 
Winrock International-F/FRED and ACIAR, p. 154.  

Pinyopusarerk, K., Williams, E. and Boland, D. 1991. 
Geographic-Variation in Seedling Morphology of 
Acacia auriculiformis A-Cunn ex-Benth. Aust. J. 
Bot., 39(3): 247-260. [Cross Ref]

Runkel von R. O. H. 1949. Über die Herstellung von 
ZellstoffausHolz der Gattung Eucalyptus und 
Versuchemitzweiunterschiedlichen Eucalyptus 
arten (On the production of pulp from wood of 
the genus Eucalyptus and experiments with two 
different Eucalyptus types). Das Papier., 3: 476-
490

Shukla, S., Rao, R., Sharma, S., Kumar, P., Sudheendra, R. 
and Shashikala, S. 2007. Physical and mechanical 
properties of plantation-grown Acacia auriculiformis 
of three different ages. Aust. For., 70(2): 86-92. 
[Cross Ref]

Sivasubramanian, S. and Madhavamenon, P. 1973. 
Combining ability in rice. Madras Agr. J., 60: 419-
421.

Stackpole, D., Vaillancourt, R., Downes, G., Harwood, C. and 
Potts, B. 2010. Genetic control of kraft pulp yield in 
Eucalyptus globulus. Can. J. For. Res. 40(5): 917-
927. [Cross Ref]

Stackpole, D. J.,  Vaillancourt, R. E., Alves, A., Rodrigues, 
J. and  Potts, B. M. 2011. Genetic variation in the 
chemical components of  Eucalyptus globulus 
wood. G3 (Bethesda) 1: 151– 159. [Cross Ref]

Subramanian, K. N., Mandal, A. K. and Nicodemus, A. 1995. 
Genetic variability and character association in 
Eucalyptus grandis. Ann. For., 3(2): 134-137.

Thakur, I. K., Dhuppe, S. and Sharma, J. P. 2014. Phenotypic 
variation and seed characters evaluation in different 
provenances of Albizia lebbeck (L.) Benth. Ind. J. 
For., 37(1):35-40.

Thirunirai Selvan, R. and Parthiban, K. T. 2018. Clonal 
evaluation and genetic divergence studies in 
Neolamarckia cadamba roxb. Electron. J.  Plant. 
Breed., 9 (2) : 692-704. [Cross Ref]

Vennila, S. 2009. Pulpwood Traits, genetic and Molecular 
characterization of Eucalyptus genetic resources. 
Ph.D Thesis, Tamil Nadu Agricultural University, 
Coimbatore, India

Varghese, M., Nicodemus, A. and Subramanian, K. 1999. 
Growth and wood traits of plantation-grown Acacia 
mangium, A. auriculiformis and A. crassicarpa from 
Thane, Maharashtra. Ind. For., 125:923 – 928.

Vishnu, R., Anoop, E., Warrier, K. and Anish, M., 2018. Genetic 
divergence for growth and wood parameters in 
different clones of Casuarina equisetifolia. J. Trop. 
For. Sci., 30(4):615-621. [Cross Ref]

Zobel, B. J. 1971. The genetic improvement of southern 
pines. Sci. Am., 225: 94-103. [Cross Ref]

Zobel, B. J. and Talbert, J. T. 1984. Applied forest tree 
improvement. New York: John Wiley and Sons, 
505 p.

https://doi.org/10.1515/hfsg.1987.41.6.331
https://doi.org/10.1007/s11676-013-0343-z
https://doi.org/10.9735/0975-2862.10.1.333-338
https://doi.org/10.1071/BT9910247
https://doi.org/10.1080/00049158.2007.10675007
 https://doi.org/10.1139/X10-035
https://doi.org/10.1534/g3.111.000372
 https://doi.org/10.5958/0975-928X.2018.00083.2
https://doi.org/10.26525/jtfs2018.30.4.615621
https://doi.org/10.1038/scientificamerican1171-94

