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Abstract: The present study was confined to 19 mother trees of Diospyros montana Roxb. distributed in Solan districts of Himachal Pradesh.
Mother trees were selected from Nalagarh and Baddi area of Solan district. Physico- chemical properties were studied by collected wood
samples from the 19 mother trees. Specific gravity was recorded maximum for mother trees 7 and 2 (M,andM,) of Nalagarh area, fiber length
and fiber diameter was recorded maximum for mother trees 8 and 19 (M, and M,;) and holocellulose content was maximum for mother tree 15
(M,;) of Baddi area. Maximum moisture Content (MMC) showed significant correlation with specific gravity and alcohol- benzene extractives.
Fiberlength is correlated with fiber diameter. 89.88% of variation was showed by five PCAfor wood parameters.
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India is blessed with a wide range of vegetation types, from
tropical to subtropical, temperate to subalpine, and alpine.
Within an ecosystem, forests play both a protective and
productive role. The protective role of the forest is limited to the
production of timber, but it also produces non-timber forest
products, which are derived from over 3,000 species. Non-
timber forest products (NTFPs) are biological products other
than timber that are harvested by humans from wild
biodiversity in both natural and artificial environments
(Sardeshpande and Shackleton 2019). Due to inadequate
understanding of their intended uses, many products are
either not fully extracted or are thrown away. Most species
have had little research done on their biodiversity. but plants or
their products are traded, even their identification and
classification are sometimes inadequate, creating significant
confusion. Diospyros montana (family Ebenaceae),
commonly known as Bombay ebony found in some parts of
Solan, Sirmour and Una district. It is a small deciduous tree
upto 20 m high with spiny trunk and branches. It is a dioecious
(separate male and female plants) tree species. Itis commonly
known as ebony tree because of its hard, heavy and dark
timber. The wood of Diospyros isgrey, often tinged with yellow
or brown, streaked with narrow patches of darker colour,
especially towards the centre, but there is no regular ebony
heartwood. The wood is soft to moderately hard and durable

Theplant populations in the wild display complicated
patterns of diversity, which makes it essential to choose
superior stands for breeding (Gupta and Sehgal 2000).
Variability in important traits is critical to the evolution of a
species. For a species to adapt and become better through

breeding programs, variations are necessary. Tree breeding
cannot raise the quality if there is no variation in the trees.
Determining the amount, source, and kind of variation present
in the target species is the first step in any improvement
endeavor. Three characteristics set trees apart: their varied
surroundings, their individual peculiarities, and the way their
genotype interacts with their growing environment. The study
was conducted to observe the variation in physico- chemical
properties of Diospyros montana Roxb.

MATERIAL AND METHODS

Keeping in view the importance of wood of diospyros
samples were collected from 19 mother trees selected in
Nalagarh and Baddi area of Solan district of Himachal Pradesh
(Table 1). After collection, drying and sawing of wood samples
the following physical, anatomical and chemical wood
properties were recorded. Bark percent was calculated as
D.0.B.- D.U.B./D.0.B.*100. D.O.B = Diameter over bark and
D.U.B = Diameter under Bark. Wood percent was calculated
as D.O.B.- 2*bark thickness/ D.0.B.)*100. The moisture per
cent of the samples was calculated by using method given by
Desch and Dinwoodie (1996) i.e. Mi,-M .,/ M*100.

Mi,, is initial weight of samples (g) and M, is oven dried
weight of samples (g). Maximum moisture content (MMC) of
wood samples were determined (BIS 1986) i.e. Mm- Mo/
Mo*100, where, Mm is Saturated weight of wood samples
(9). The specific gravity of the samples were determined by
maximum moisture content met?od (Smith 1954) -

= _Mm-Mo 1
Mo + GS
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Where,
Mm = Fresh weight of the sample
Mo = Oven dried constant weight of sample.
GS =Average density of wood substance a constant having
value 1.53.

The fiber dimensions were determined by macerating the
wood shavings in Jeffery's solution, i.e. 10 per cent chromic
acid and 10 per cent nitric acid, for 48 hours (Pandeya et al
1968). The cold and hot water soluble extractives were
determined by employing the T1m 59 methods (Anonymous
1959a). Alcohol benzene extractives, Kalson-lignin content
and holocellulose were determined by using the Tém 59
(Anonymous 1959b), T12m 59 (Anonymous 1959c)and T9m
54(Anonymous 1959d) methods respectively. The
experimental data of all the tree characters studied were
subjected to the statistical analysis for proper interpretation.
The data was analyzed statistically using Random Nested
Model as follows:

Su+++

Where:

M = grand mean, p, = effect of ith natural population
(i=1,2.....p) m (p);,= the jth mother tree effect within each ith
natural population e, = the interaction of the kth observation
and jth mother tree in the ith natural population

Repeatability

Genotype repeatability =

Table 1. Physical description of mother trees
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Where, = Genotype variance, = Within genotype variance

Heritability in percentage was calculated as suggested by
Burton and De-Vane (1953) and Johnson et al (1955). The
expected genetic advance at 5 per cent selection intensity
was calculated as suggested by Lush (1940) and further
used by Burton and De-Vane (1953) and Johnson et al
(1955). Genetic gain was worked out following the method
suggested by Johnson et al(1955). Correlations were
computed to examine inter-character relationships among
different wood parameters .Principal component and cluster
analysis were investigated by principal component analysis
(PCA). PCA was performed using JMP pro 10software.
Cluster analysis was also performed to cluster genotypes
into similarity groups using the method of UPGA (Unweighted
Pair Group Average) using ward method (Ward 1963).

RESULTS AND DISCUSSION

In physical properties of wood mother tree 11(M,,)from
Baddi showed the maximum wood percent (WP) of 97.14%
and minimum (88.68 %) was for M, (Table 2). Maximum bark
percent (BP) was for M, (11.32%) and minimum (2.86%) was
recorded for M,,. M, showed the highest moisture content
(MC) (81.92%) where and lowest (32.29%) moisture content
(MC) was for M,. The highest maximum moisture content
(MMC) of 163.84% was observed for M, and lowest (64.58)
maximum moisture content was for M,. However specific

Sites Mother trees Mother trees code Altitude (feet) Latitude (n) Longitude (e)

Nalagarh 1 M, 1207 30°59'909" 76°44'713"
2 M, 1202 30°59'915" 76°44'710"
3 M, 1205 30°59'917" 76°44'712"
4 M, 1201 30°59'867" 76°44'660"
5 M, 1204 30°59'867" 76°44'655"
6 M, 1200 30°59'881" 76°44'646"
7 M, 1203 30°59'935" 76°44'742"
8 M, 1202 30°59'984" 76°44'778"
9 M, 1209 30°59'939" 76°44'762"

Baddi 10 M., 1597 30°59'694" 76°44'634"
1 M., 1673 30°59'460" 76°44'625"
12 M., 1719 30°59'472" 76°44'769"
13 M., 1760 30°59'493" 76°44'965"
14 M., 1764 30°59'505" 76°44'978
15 M,s 1775 30°59'509" 76°44'019"
16 M, 1859 30°59'668" 76°44'075"
17 M., 1859 30°59'673" 76°44'076"
18 M,s 1862 30°59'675" 76°44'079"
19 M 1869 30°59'680" 76°44'085"
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gravity was maximum (0.81) for M, and minimum (0.44) for
M,.Maximum fiber length (0.71mm) was recorded for M,
which was followed by M,,(0.70mm) and minimum (0.58mm)
for M,,. Maximum and minimum fiber diameter was for M,,
(13.82um) and M,(11.54 um). Cold water-soluble extractives
were maximum in M,and hot water-soluble extractives were
by mother tree 16 (M,;). Mother tree 8 (M,) of Nalagarh area
showed maximum alcohol-benzene content.Maximum
holocellulose and lignin content was by M,;and M,, of Baddi
area.

The value of phenotypic coefficient of variation (55.11%)
and genotypic coefficient of variation (33.02%) were
maximum for bark percent (BP) and minimum for wood
percent (WP) i.e., 4.40% and 2.63%, respectively.
Repeatability coefficient was maximum (0.75) for fiber length
and minimum for cold water solubility (Table 3). The genetic
variance between and within populations was not measured
accurately because genetic effects can't be isolated from
environmental effects in natural populations when parental
origin and environmental influences cannot be controlled. As
aresult, were unable to calculate the heritability coefficient at
the population or individual tree level. In this case, use the

Table 2. Variation in different wood properties
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repeatability coefficient, which may be considered as the top
limit of the genetic-phenotypic variance relationship
(Falconer and Mackey 1996). These coefficients also show
the proportion of within-population variation that contributes
to total variance and the proportion of between-tree variation
that contributes to total population variation.

However, genetic gain percent was maximum (44.68%)
for moisture content (MC) and minimum (3.25%) for wood
percent. For the proper utilization of observed variation in a
species, it is prerequisite to know the extent of variation and
also that whether, itis due to the genetic or the environmental
factors. Hence, information on variation in the desired
parameters and their correlation is vital for any breeding
programme .

Wood percent showed highly significant negative
correlation with bark percent (-1.00). Bark percent showed
negative correlation with hot water solubility (-0.46). Moisture
content showed significant correlation with (MCC) maximum
moisture content (1.00%), negative correlation with specific
gravity. Hollcellulose content was highly significant and
negative correlated with lignin content .Bisen et al (2018)
observed that in Cleistanthus collinus (Roxb.), bark percent

Mother Wood Bark Moisture Maximum Specific Fiber Fiber Cold water Hotwater  Alcohol- Holocellulose Lignin
trees percent percent content moisture gravity length diameter soluble soluble benzene  content (%) content
(WP) (BP) (%)  content (%) (mm) (um) extractives extractives extractives (%)
(MC)  (MCC) (%) (%) (%)
M, 91.21 879 3229 64.58 077 064 12.18 7.63 8.25 9.30 77.50 13.2
M, 88.68 11.32 81.92 163.84 044 064 1197 9.00 5.75 7.00 72.00 21
M, 89.47 10.53 45.31 90.62 065 059 11.76 7.46 6.58 6.43 74.17 19.4
M, 96.87 3.13  62.59 12517 053 059 12.04 5.96 9.00 7.87 71.75 20.38
M, 9541 459 3249 64.99 066 060 11.97 8.71 8.17 6.87 77.25 15.88
M, 89.63 10.37 31.56 63.11 073 069 13.04 6.87 8.67 9.27 77.42 13.31
M, 9238 7.62 27.83 55.66 081 065 1154 8.37 5.33 8.73 76.33 14.94
M, 9341 6.59  48.09 96.17 067 071 121 7.04 10.08 9.50 68.50 22
M, 89.40 10.60 3344 66.89 077 069 1247 7.58 9.50 8.23 79.17 12.6
M, 95.77 423 4747 94.94 063 070 13.11 6.12 8.42 7.53 80.42 12.05
M., 97.14 286  37.16 74.33 073 058 13.18 6.92 7.50 6.47 79.67 13.86
M., 92.03 7.97 69.05 138.11 050 0.66 12.68 6.50 7.25 6.87 56.58 36.55
M., 89.03 10.97 47.95 95.90 063 068 13.11 6.42 5.67 6.10 63.83 30.07
M., 9480 520 54.89 109.78 057 067 12.11 6.88 8.50 7.80 81.92 10.28
M5 89.24 10.76 64.36 128.72 052 063 1325 7.83 6.08 7.37 85.33 7.3
Mo 95.86 4.14  56.98 113.97 056 0.69 1247 6.92 10.67 7.73 78.67 13.6
M, 96.82 3.18  40.87 81.74 068 062 12.61 6.54 9.17 6.77 69.33 23.9
M, 9297 7.03  48.91 97.83 063 067 12.61 8.62 8.75 7.80 69.50 227
Mo 89.54 1046 52.66 105.33 059 067 13.82 8.62 8.92 6.80 72.58 20.62
CD 537 537 16.89 34.12 012 0.03 1.12 2.35 242 1.79 11.93 12.24
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was negatively correlated with hot water solubility and
holocellulose content. Fiber length showed significant
correlation with alcohol- benzene soluble extractives. Fiber
width is negative correlated with alcohol- benzene soluble
extractives (Table 4). Cold water-soluble extractives are
negatively correlated with hot water-soluble extractives and
hot water-soluble extractives showed positive correlation
with alcohol-benzene soluble extractives. Alcohol benzene
soluble extractives showed negative correlation with lignin
content.

Total 89.88% variation was showed by first five
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components (Table 5). The first component explained
31.09% variation in moisture, maximum moisture content
(0.89) and lignin content (0.63). The second component
explained 20.98% of variation in which maximum was
showed for bark percent (0.91), specific gravity (0.25) and
cold-water solubility (0.62). 14.39% variation was showed by
third component in which maximum was exhibited for fiber
length (0.81), fiber diameter (0.28) and hot water solubility
(0.47). The fourth component explained 13.56% of variation
showed by holocellulose content. The fifth component
explained maximum variation for alcohol- benzene

Table 3. Variability estimates, genetic parameters and repeatability coefficient of wood parameters

Parameters Phenotypic coefficient Genotypic coefficient Repeatability Genetic Genetic gain (%)
of variation of variation coefficient advance
Bark percent (BP) 55.11 33.02 0.36 3.01 40.75
Wood percent (WP) 4.40 2.63 0.36 3.01 3.25
Moisture content (MC) 34.70 27.43 0.63 21.54 44.68
Maximummoisture content (MCC) 34.70 27.43 0.63 43.07 44.68
Specific gravity 18.25 14.53 0.63 0.15 23.83
Fiber length 6.75 3.36 0.75 0.07 10.45
Fiber diameter 6.44 3.71 0.33 0.55 4.42
Cold water soluble extractives 20.28 6.13 0.09 0.28 3.82
Hot water soluble extractives 24.29 16.03 0.44 1.75 21.80
Alcohol- benzene extractives 17.78 10.67 0.36 1.00 13.20
Holocellulose content 12.15 7.29 0.36 6.70 9.02
Lignin content 51.85 31.64 0.37 7.19 39.77
Table 4. Estimation of correlation coefficients among different wood properties
Parameters Wood Bark Moisture Maximum Specific Fiber Fiber Cold water Hot water  Alcohol- Holocellulose Lignin
(%) (%) content moisture gravity length width soluble soluble benzene content Content
(%) content extractives extractives  soluble
(%) extractives
Wood percent 1.00
Barkpercent -1.00** 1.00
Moisture content -0.13 0.13 1.00
Maximum moisture -0.13 0.13 1.00** 1.00
content
Specific gravity 0.05 -0.05 -0.96** -0.96** 1.00
Fiber length -0.25 0.25 0.01 0.01 0.05 1.00
Fiber width -0.14 0.14 0.08 0.08 -0.12 0.25 1.00
Cold water soluble -0.42* 0.42 -0.02 -0.02 0.03 -0.10 -0.17 1.00
extractives
Hot water soluble  0.46 -0.46* -0.15 -0.15 0.10 0.34 0.10 -0.27 1.00
extractives
Alcohol- benzene  -0.03 0.03 -0.34 -0.34 043 045 -0.30 0.01 0.37 1.00
soluble extractives
Holocellulose 0.11 -0.11 -0.29 -0.29 0.25 -0.09 0.02 0.16 0.09 0.24 1.00
content
Lignin content -0.10 0.10 0.32 0.32 -0.30 0.02 0.02 -0.16 -0.14 -0.37 -0.99** 1.00
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Table 5. Principal component analysis

Parameters PC1 PC2 PC3 PC4 PC5
Bark percent 0.33 0.91 0.16 0.03 -0.05
Wood percent -0.33 -0.91 -0.16 -0.03 0.05
Moisture content 0.89 -0.17 -0.07 0.38 0.15
Maximum moisture content 0.89 -0.17 -0.07 0.38 0.15
Specific gravity -0.86 0.25 0.13 -0.38 -0.07
Fiber length -0.05 0.2 0.81 0.39 0.03
Fiber diameter 0.16 0.02 0.28 0.23 -0.88
Cold water-soluble extractives 0.04 0.62 -0.35 0.05 0.24
Hot water-soluble extractives -0.37 -0.5 0.47 0.35 0.07
Alcohol- benzene extractives -0.56 0.18 0.4 0.32 0.51
Holocellulose content -0.57 0.13 -0.49 0.61 -0.16
Lignin content 0.63 -0.15 0.41 -0.63 0.08
Eigen value (%) 3.73 2.52 1.73 1.63 1.18
Percent of variance 31.09 20.98 14.39 13.56 9.86
Cumulative percent 31.09 52.08 66.47 80.03 89.88

Table 6. Cluster analysis

Cluster 1 2 3
No. of mother trees in cluster count 5 8 6
Notation of trees M,, M,, M, M,,M, M,, M;, M, M, M, M, My, M,, M,, M,,, M;, My, Mg, Mg
Bark percent 9.58 4.24 9.75
Wood percent 90.42 95.76 90.25
Moisture content 34.09 47.57 60.81
Maximum moisture content 68.17 95.14 121.62
Specific gravity 0.75 0.63 0.55
Fiber length 0.65 0.65 0.66
Fiber diameter 12.2 12.45 12.91
Cold water-soluble extractives 7.58 6.89 7.83
Hot water-soluble extractives 7.67 8.94 7.07
Alcohol- benzene soluble extractive 8.39 7.57 6.99
Holocellulose content 76.92 75.94 69.97
Lignin content 14.69 16.49 23.04

Component 2 (21 %)
-

Mig
Component 1 (31.1 %)

Fig. 1. Scatter plot diagram of PC1- PC2 for wood traits Fig. 2. Dendrogram showing clusters for wood traits
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extractives. The highest amount of variance is justified by the
first component and the remaining variances are justified by
the subsequent components (Khadivi Khub and Khalili
2017).

Cluster | contained highest mean value for specific gravity
(0.75), alcohol- benzene extractives (8.39) and holocellulose
content (76.92). Cluster Il contained maximum value for
wood percent (95.76) and hot water solubility (8.94). Cluster
Il contained maximum values for moisture content (60.81),
maximum moisture content (MMC) 121.62, fiber length
(0.66) and fiber diameter 12.91 (Table 6).

CONCLUSION

Mother trees M, and M,from Nalagarh have better strength
properties (specific gravity) therefore, can be considered
best with desirable timber qualities for furniture and musical
instruments especially finger boards and keys of guitars and
desks because of specific gravity. Mother trees with fiber
parameters and holocellulose content can be used for paper
and pulp making.
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