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Summary

A plantation trial of six selected clones of Dalbergia
sissoo Roxb. laid out in randomized block design at four
sites in northern India during July, 1996 was evaluated
for growth, physiological and biochemical parameters.
Genotype-site interactions were significant for collar
diameter increment, photosynthetic rate, transpiration
rate, stomatal conductance, photosynthetic pigments,
total soluble protein, total soluble sugar and starch con-
tent at 5 per cent level of significance. The variability
estimates for these characters also indicated strong
genetic control than the environment. However, stom-
atal conductance amongst these clones exhibited strong
influence of environment that was non-additive in
nature. 

Key words: Dalbergia sissoo, clone, variability, heritability,
genetic gain.

Introduction

Dalbergia sissoo Roxb., classified as one of the four
primary timbers of India, has been planted in many
tropical countries for timber, fuelwood, fodder, shade
and stabilization of eroding landscape. Poor stem form,
i.e. generally a crooked and forked bole is its stumbling
block which deteriorates its timber quality. However, a
great variety of stem forms exist in its natural distribu-
tion zone, which indicate possibility of improvement

through selection and multiplication. The species can be
multiplied clonally and thus true nature of selections
can be maintained in plantations. However, the growth
performance and adaptability of clones vary from one
place to another due to varying abiotic factors. This
aspect of clonal stability of these clones has been
analysed in the present study through genotype-site
interactions by the study of growth, physiological and
biochemical parameters at different sites. Earlier
studies of VIDAKOVIC and SIDDIQUI (1968), VIDAKOVIC

and AHSAN (1970), REHMAN and HUSSAIN (1986) in
this species relate to heritability of height and collar
diameter. 

Material and Method

A range wide selection of plus trees of Dalbergia sissoo
in its distribution zone in India was carried out and veg-
etative planting materials (root suckers) collected and
multiplied at vegetative multiplication garden at FRI,
Dehradun. Six promising clones amongst these (Table 1)
were further multiplied vegetatively by taking 3–4 cm
long fresh softwood cuttings with at least 1–2 leaves
from the coppice shoots, dipped in 1000 ppm IBA, and
rooted in vermiculite under mist chamber (70–80% root-
ing success). After rooting, cuttings were transferred to
polythene bags containing a mixture of soil, sand and
FYM mixture. After a year in the nursery these clonal
plants were planted in a Randomized Block Design with
three blocks in different climatic zones of northern India
during July, 1996. Each block consisted of nine ramets
at a spacing of 6 m x 6 m (Table 2).
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Table 1. – Geographical details of the Dalbergia sissoo clones.
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Growth (height and collar diameter), physiological
(photosynthetic rate, transpiration rate and stomatal
conductance) and biochemical parameters (chlorophyll
& carotenoids, total soluble protein, sugar and starch
contents) were recorded at quarterly intervals for two
years (November 1998 to March 2001). Photosynthetic
rate, transpiration rate and stomatal conductance were
measured by Portable Photosynthesis System/Infra Red
Gas Analyzer between 10.00 to 11.00 AM by selecting
four fully expanded sunlit leaves on four ramets per
replication per clone, while their leaf area was mea-
sured by Leaf Area Meter. Leaf samples were analysed
for chlorophyll and carotenoid content after HOLM

(1954), total soluble protein content after LOWRY et al.
(1951) and total sugars after DUBOIS et al. (1956). 

The data recorded was subjected to analysis of vari-
ance to quantify the variation among clones and sites.
Genotypic, phenotypic and environmental variances;
phenotypic coefficient of variation and genotypic coeffi-
cient of variation was calculated using the formulae
given by BURTON and DEVANE (1953) whereas environ-
mental coefficient of variation was calculated using the
formula given by BURTON (1952). Broad sense heritabili-
ty and genetic gain were calculated using the formulae
given by JOHNSON et al. (1955). 

Results

Analysis of variance showed significant genotype-site
interaction for collar diameter increment, photosynthet-
ic rate, transpiration rate, stomatal conductance, photo-
synthetic pigments, total soluble protein, total soluble
sugar and starch content in studied clones of Dalbergia
sissoo at 5 per cent level of significance that was non-
significant for height increment. Individual clonal varia-
tion with respect to growth, physiological and biochemi-
cal parameters are given in Figure 1. On the basis of

observations recorded for growth, physiological and bio-
chemical parameters; clones C192 & C066 at Lachhi-
wala (Dehradun), clones C034 & C192 at Lalkuwan
(Haldwani), clones C192 & C034 at Bithmera (Hisar)
and clones C066 & C192 at Pandhori Mindo Mind
(Hoshiyarpur) were performing better. Whereas, clone
C192 performing better at all the sites.

Partition of total variances in to genotypic, phenotyp-
ic, and environmental variances revealed that maxi-
mum variances were recorded at phenotypic level fol-
lowed by genotypic and environmental levels for growth,
physiological and biochemical parameters for all clones
at all sites (Tables 3 and 4). However, growth parame-
ters of clones at Lachhiwala (Dehradun) showed more
variances at the environmental level than the genetic
level. Genotypic coefficient of variation in growth, physi-
ological and biochemical parameters of clones was in
vicinity of the phenotypic coefficient of variation. Envi-
ronmental coefficient of variation was much less than
the genotypic and phenotypic coefficient of variation at
all sites. Among the growth parameters, collar diameter
increment had more variance and coefficient of variabili-
ty at genotypic level than the environmental level at
Lalkuwan (Haldwani) and Bithmera (Hisar). But height
increment showed more variance and coefficient of vari-
ability at environmental level than the genotypic level
at Lachhiwala (Dehradun) and Pandhori Mindo Mind
(Hoshiyarpur). Photosynthetic rate and transpiration of
clones had almost similar variances at genotypic and
phenotypic level, which is also supported by coefficient
of variations at genotypic and phenotypic level at all
sites. Biochemical parameters of the clones also had the
almost similar variances and coefficient of variability at
genotypic and phenotypic levels at all sites. 

Estimates of heritability (broad sense) and genetic
gain for different parameters recorded very high heri-
tability, which was in the ranges of 98.13 to 99.69 per

Table 2. – Details of the experimental sites.
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Figure 1. – Individual clone variation with respect to growth (1–2), physiological (3–5) and biochemical (6–12)
parameters at four sites.
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Figure 1. – Continued.

Table 3. – Estimates of phenotypic, genotypic and environmental variance components for different parameters at different sites.

Vp = Phenotypic variance, Vg = Genetic variance, Ve = Environmental variance
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cent at Lachhiwala (Dehradun), 90.91 to 99.53 per cent
at Lalkuwan (Haldwani), 83.33 to 99.91 per cent at
Bithmera (Hisar) and 50.00 to 99.40 per cent at Mindo
Mind Pandhori (Hoshiyarpur, Table 5). Collar diameter
increment had maximum heritability coupled with high
genetic gain at Lachhiwala (Dehradun) and Bithmera
(Hisar) than the height increment whereas clones
showed maximum heritability and less genetic gain for
height increment at Lalkuwan (Haldwani) and more
heritability at Pandhori Mindo Mind (Hoshiyarpur)
than the collar diameter increment. Among the physio-
logical parameters, photosynthetic and transpiration
rates of clones also showed the maximum heritability
coupled with higher genetic gain than the stomatal con-
ductance at all sites. As far as biochemical parameters
of the clones are concerned, maximum heritability cou-
pled with higher genetic gain was shown by photosyn-
thetic pigments followed by total soluble sugar, starch
and total soluble protein contents at all sites.

Discussion

The better performance of clones belonging to the
states of Uttaranchal (C019), Uttar Pradesh (C034 &
C192) and Haryana (C066) than the clones belonging to
the state of Rajasthan; may be due to similar edapho-cli-
matic conditions than other clones. Similarly the better
clonal performance at Bithmera (Hisar) site than other
sites; could also be ascribed to better edaphic conditions
of the site (Table 2). 

Variability estimates of different parameters, like
growth, also indicated a wide range in the mean values,
again depicting the presence of good amount of variation
in clones at different sites. Collar diameter increment

showed the high variance and coefficient of variability
at genotypic level than the environmental level, which is
also supported by higher heritability and genetic gain
than the height increment at major sites. So it is clearly
depicted that the expression of collar diameter is more
controlled by the genetic make up of the clones. Howev-
er, sites are also influencing the expression of growth
parameters in some extent as the climatic and edaphic
characteristics of the sites varied. Phenotypic and geno-
typic variances coupled with phenotypic and genotypic
coefficient of variations for photosynthetic rate, transpi-
ration and biochemical parameters of clones were
almost similar which may be due to that expression of
these parameters is mainly governed by genetic make
up of the clones than the environment (sites). Stomatal
conductance of the clones is more under the influence of
the sites.

Heritability estimates in broad sense were more than
the 75 percent for all the parameters at all the sites
except this was low for height and collar diameter incre-
ment at Lachhiwala (Dehradun) and Pandhori Mindo
Mind (Hoshiyarpur); which may be due to that differ-
ences in sites. However, high heritability coupled with
same intensity of genetic gain was exhibited only for
height and collar diameter increment at Bithmera
(Hisar) and Pandhori Mindo Mind (Hoshiyarpur). This
signifies that these parameters are under strong genetic
control and contain good amount of heritable additive
genetic components, which expressed their influence at
these two sites. Studies conducted by DEVAGIRI (1997)
and GERA et al. (2001) lend a support to the present
findings. High heritability accompanied by high genetic
advance for several growth parameters have earlier
been reported by DHILLON et al. (1995) in Dalbergia sis-

Table 4. – Estimates of coefficient of variability for different parameters at different sites.

PCV = Phenotypic coefficient of variation, GCV = Genotypic coefficient of variation, ECV = Environmental coefficient of variation.
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soo; GERA et al. (2001) in Tectona grandis and DHILLON

et al. (2003) in Azadirachta indica. JOHNSON et al. (1955)
suggest that heritability estimates in conjunction with
genetic advance are usually more helpful in predicting
its resultant effect for selecting the best genotypes. High
heritability (broad sense) may be due to non-additive
gene action so it shall be reliable only if accompanied by
high genetic gain. The findings of the present investiga-
tion are in congruous with that of RAMCHANDRA (1996)
and DEVAGIRI (1997).

On the basis of variability estimates and genetic com-
ponents it can be depicted that collar diameter, photo-
synthetic rate, transpiration rate and biochemical para-
meters of the clones are under the strong genetic control
and could be considered reliable for selection for further
improvement of this species. However, height increment
and stomatal conductance was more under the control of
environment and non-additive in nature, therefore, not
reliable as a selection criteria. 
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Table 5. – Estimates of heritability (broad sense) and genetic gain for different parameters at different sites.
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