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Abstract

The identification of AFLP markers and their subsequent
conversion to SCAR-markers linked to wood density of Norway
Spruce (Picea abies L [Karst.]) is described for the first time. In
AFLP-analyses, 102 different primer enzyme combinations
were screened in a bulked segregant approach comparing indi-
viduals with high and low wood density. A total of 107 polymor-
phic AFLP fragments were obtained between the DNA-pools.
Twenty-three markers were selected for further analyses to
verify their linkage to wood density based on individuals used
for pool constitution and additional unrelated clonal material.
For 15 markers, a significant linkage to wood density was con-
firmed by a two-sided Fisher’s-exact test. Four markers were
converted into SCAR markers and validated for plant material
assayed for wood density by X-ray microdensitometry. For each
marker a monomorphic band was obtained using sets of nested
primers or restriction site-specific primers (RSS), which
include the AFLP-restriction recognition sites. For two markers
that are linked to high wood density, a separation from
unlinked size homologous marker-alleles was realized by a
PCR-restriction approach. Validation of these markers in dif-
ferent full-sib families confirmed their usability to separate the
classes for low and high wood density of Picea abies.

Key words: AFLP, Bulked segregant analysis, Marker assisted selection
(MAS), Molecular markers, Wood properties.

Introduction

Norway spruce (Picea abies (L.) Karst) is one of the most
important forest tree species in the northern hemisphere and
of tremendous ecological and economical importance for
forestry and wood production. Several industrial branches are
concerned with production of solid wood, panels, veneer, fibres,
boards or pulps. The economical value of these products, how-
ever, is affected by the quality of technological and anatomical
properties of the raw wood material. 

Among the different wood properties such as chemical char-
acteristics (lignin and extractives content), module of elasticity,
spiral grain and fibre characteristics, wood density is the key
property in forest products. It has a major effect on both yield
and quality of fibrous and solid wood products (ZOBEL and VAN

BUITJENEN, 1989) and considerable influence on strength,
machinability, conversion, wearability, paper yield and proper-
ties (BAMBER and BURLEY, 1983). 

The quality of wood density is a result of long term processes
based on genetic propositions and interaction with environ-
mental factors. Due to shorter rotations, the proportion of juve-
nile wood of harvested trees is increasing, but the quality of
softwood, concerning wood density is decreasing (KENNEDY,
1995). One way to reduce this loss of quality is to genetically
improve wood properties (ROZENBERG and CAHALAN, 1997). 

For an improvement, many endeavours have been undertak-
en to increase the knowledge about molecular basis of wood
properties (MCKAY et al., 1995; ZHANG et al., 1997; WU et al.,
1999). Genetic maps have been established for different forest
tree species (PLOMION et al., 1995; REMINGTON et al., 1999;
ARCADE et al., 2000; RITTER et al., 2002) and many more quanti-
tative trait loci (QTLs) influencing traits like growth, form and
phenology in Populus trichocarpa x deltoides (BRADSHAW and
STETTLER, 1995), growth height in Pinus pinaster (PLOMION et
al., 1996), frost tolerance in Eucalyptus nitens (BYRNE et al.,
1997), height and diameter in Pinus sylvestris (LERCETEAU et
al., 2000) or monoterpene composition in Eucalyptus grandis
(SHEPARD et al., 1999) have been reported.

Due to the economical importance of wood density, the
requirement is justified to obtain a more detailed knowledge
about genes which are responsible for wood density expression
and to examine their complexity in relation to other traits. Sev-
eral reports on the genetic architecture of wood density in for-
est trees have been published, i.e. the number of genes, loca-
tion on chromosomes, mode of action and magnitude of effects,
indicate the existence of major genes influencing wood density
in trees such as Pinus taeda (GROOVER et al., 1994; SEWELL et
al., 2000), Eucalyptus grandis (GRATTAPAGLIA et al., 1996),
Eucalyptus globulus (THAMARUS et al., 2000) and Pinus radiata
(KUMAR et al., 2000). 

These studies will be useful in understanding about the com-
plexity of wood properties, and may also affect forest tree
breeding in the future. For example, they may offer the oppor-
tunity to improve wood properties by gene combination via
marker-assisted selection (pyramiding), by genetic engineering
(LÓPEZ et al., 2000; CLAPHAM et al., 2000) or by silencing of
genes coding for undesired traits (SEDEROFF, 1999). 

The major obstacle for improving wood properties, is the
time necessary to complete a breeding generation. Current
practice has relied almost exclusively on the analysis of traits
at rotation age. For traits of economical value, early selection
of individual trees is efficient half-way through rotation. Tree
breeding is even more difficult by the changes occur during the
transition from juvenile to mature wood. Wood density is only
adequately expressed at the phenotypic level after the tree has
produced several growth rings, and early growth heights are
often a poor predictor for wood density at rotation age. 

Methods to improve the accuracy of early selection at the
individual level would be of considerable value to increase the
genetic gain per unit time. In that respect, a promising method
is the identification of genotypes using a diagnostic system
based on molecular markers. Selection for wood density by
usage of molecular markers will have an enormous impact on
cost reduction for breeding programmes, and it will be of
importance for the forest manufacturing industry, by guaran-
teeing the highest and equal wood quality products. 

Despite the identification of QTLs for wood density, the con-
version of QTL-markers into PCR-based markers and their
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usefulness for marker assisted selection approaches are mostly
published for crop species (OBERHAGEMANN et al., 1999; SHAN et
al., 1999; MEKSEM et al., 2001) but to our knowledge no report
is conversant for coniferous species concerning this topic. 

In this paper, we report the use of bulked segregant analysis
(MICHELMORE et al., 1991) in combination with AFLP – marker
technology (VOS et al., 1995) to identify molecular markers for
wood density. Individuals of different unrelated families were
used for bulking to support the confidence of the selected mark-
ers. Three putative molecular markers for high wood density
and one for low wood density were selected and converted into
SCAR markers. The markers were validated in unrelated Nor-
way spruce families.

Materials and Methods

Plant Materials

The plant material was provided by SkogForsk, Uppsala,
Sweden within the EU funded project GENIALITY (http://
www. skogforsk.se/geniality). A total of 222 individuals was
tested, representing 29 different Norway spruce full sib fami-
lies from the Swedish stand Karlsbol (S22F58241A; lat. 59°6’,
long. 13°6’, alt. 80 m) established in 1958. Furthermore, 42
clones from the Swedish stand Hermanstorp (S31S7820002;
lat. 56°45’, long. 15°02’, alt. 180 m) and 30 clones from Knut-
storp (S31S7820003; lat. 55°58’, long. 13°18’, alt. 75 m) estab-
lished in 1978 were supplied for the analyses. 20 clones were
common to both tests. Additional, a total of 20 ramets from the
Swedish stand Maglehem ( lat. 55°46’, 14°10’, planted in 1956
onwards) supplied by SkogForsk and 40 unrelated clones from
IUFRO-trial 1-360 (Amance domanial forest; Meurthe et Moe-
selle, France) supplied by INRA were involved in the analyses. 

Estimation of wood density

Wood density was estimated by INRA-Orléans (ROZENBERG et
al., 2001) using the radiation method of indirect X-ray micro-
density (POLGE, 1966) and modern computation techniques
(ROZENBERG and FRANC, 1996). One radial X-ray density profile
was obtained from each sample (disks) and each disk was sawn
to a 2.00 mm (± 0.02 mm) thick wood strip. The indirect
method measures the attenuation of a very thin (250 x 24
microns in this case) light ray crossing the X-ray picture of a
wood sample. Density profiles were separated into rings, using
functions developed under Splus statistical software
(www.insightful.com). For estimation of within ring variables,
each ring was identified chronologically by two parameters: the
ring number from pith to bark (cambial age at time of ring for-
mation); and the calendar year in which the ring was formed
(determined by counting from bark to pith). The average wood
density for each individual was calculated based on results of
the entire sample. Wood density for the 20 ramets (Sweden)
and 40 clones (France), was estimated indirectly by the method
of Pilodyn measurement (pin depth penetration).

AFLP analyses

DNA was extracted from spruce needles according to a proto-
col of DUMOLIN et al. (1995). AFLP fingerprints were generated
based on the modified protocol described by VOS et al. (1995). A
total of 250 ng genomic DNA was restricted with either EcoRI
and MseI, PstI and MseI or HindIII and MseI (4-5U of each) for
2-2.5 h at 37°C in 1 x restriction buffer OPA (One-Phor-all;
Amersham-Pharmacia, Freiburg, Germany) in a final volume
of 50 µl. After controlling for complete digestion, 10 µl of a liga-
tion mix [50 pmol MseI adapter, 5 pmol EcoRI, PstI or HindIII
adapter, 10 mM ATP, 1 x OPA buffer and 2.5 U T4 DNA ligase]
was added and the samples incubated for 3 h at 37°C. 

A pre-amplification reaction was performed in a 50 µl reac-
tion containing: 5 µl of template DNA, 150 ng of MseI, EcoRI,
PstI and HindIII primer with one nucleotide extension, 0.25
mM dNTPs, 1 x PCR buffer, 1.2 mM MgCl2 and 1 U Taq Poly-
merase (Eurogentec, Seraing, Belgium; Silverstar Taq and
buffer). Samples were run on a TGradient cycler (Biometra,
Göttingen, Germany) using the following cycling parameter:
initial denaturation step 94°C (1 min), 19 cycles of 94°C (30s),
60°C (30 s), 72°C (1 min) and a final extension 72°C (5 min).
The pre-amplified DNA was diluted (1:5) and equal aliquots of
DNA from each individual selected for the different bulks was
mixed and used for selective amplification. Selective amplifica-
tions were performed in a 20 µl reaction containing: 5 µl of the
diluted template DNA, 10 ng EcoRI, PstI, HindIII primer (Cy5
labelled, MWG-Biotech, Ebersberg, Germany) and 50 ng MseI
primer each having three selective nucleotides, 1 x PCR buffer.
1.2 mM MgCl2 and 1 U Taq Polymerase and buffer (Eurogen-
tec, Seraing, Belgium). Samples were run on a TGradient
cycler (Biometra, Göttingen, Germany) using the following
cycling parameter: initial denaturation step 94°C (5 min); 1x
94°C (30 s), 65°C (30 s), 72°C (1 min); 2 x 94°C (30 s), 64°C (30
s), 72°C (1 min); 2 x 94°C (30 s), 62°C (30 s), 72°C (1 min); 2 x
94°C (30 s), 58°C (30 s), 72°C (1 min); 23 x 94°C (30 s), 56°C
(30 s), 72°C (1 min) and a final extension 72°C (5 min). 8.5 µl
reaction products were resolved on high-resolution polyacry-
lamide gels on the automatic sequencer ALFexpress II (Amer-
sham-Pharmacia, Freiburg, Germany) and fragments were
detected and analysed by using the Fragment Analyser soft-
ware (Vers. 1.03; Amersham-Pharmacia, Freiburg, Germany).
The bulks were compared for each primer enzyme combination
(PEC) at polymorphic fragments which reflect putative mark-
ers linked with low or high wood density. For each primer
enzyme combination (PEC), the bulks were compared on poly-
morphic fragments, reflecting putative markers linked with
high or low extractives content. In the following, each individ-
ual used for bulk constitution (high and low extractives con-
tent), was analysed separately on presence or absence of puta-
tive markers. The significance level for correlation of these
markers to high or low extractives content was estimated by a
two-sided Fisher exact test. 

Conversion of AFLP into SCAR marker 

The fragments (see below) were isolated from a high resolu-
tion polyacrylamide gel (Amersham-Pharmacia, Freiburg, Ger-
many) and purified by using the QIAEX II-Kit (QIAGEN,
Hilden, Germany) according to manufacturer instructions. The
fragments were reamplified by using the unlabeled set of spe-
cific AFLP primer pair of the corresponding selective amplifica-
tion in an final volume of 50 µl. A 10 µl sample of each PCR
product was electrophoresed on a 2% agarose gel for size com-
parison. Concentration of the PCR products was determined
and an aliquot was cloned using the TOPO TA Cloning Kit for
Sequencing (Invitrogen, Carlsbad, Calif. USA) according to the
protocol of the manufacturer. Ninty six colonies were chosen
from each transformation event, and transferred to a
microtiter plate containing 100 µl LB-media with 50 µg/ml of
ampicillin and cultured overnight. A one µl aliquot of each cul-
ture was amplified by PCR using the M13 forward- and
reverse-primer and the product screened on 1.4% agarose gels
for size homology to the corresponding AFLP fragment. Ten
clones were selected and sequenced using the BIG-Dye Termi-
nator Sequencing-Kit (PE Applied Biosystems, Foster City,
USA) according to the instructions of the manufacturer.
Primers were designed using the Primer 3 program
(www.genome.wi.mit.edu/cgi/cgi-bin/primer/primer3_www.cgi).
PCR reactions were performed in a 25 µl reaction containing:
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25 ng template DNA, 25 pg of each primer, 1 x Williams-buffer
modified (WILLIAMS et al., 1991) (10 mM Tris-HCl pH 8.3,
50 mM KCl, 2.0 mM MgCl2, 0.001% gelatine) and 1U Taq Poly-
merase (Eurogentec, Seraing, Belgium). Samples were run on a
Tgradient cycler (Biometra, Göttingen, Germany) using the
following cycling parameters: initial denaturation step 94°C
(3 min); 4x 94°C (1 min), Tm (1 min), 72°C (1 min); 36 x 94°C
(30 s), Tm (30 s); 72°C (30 s); 1 x 94°C (30 s), Tm (30 s) and
72°C (5 min) (Tm see Table 3). PCR-products were elec-
trophoresed on a 2% ethidium-bromide stained agarose-gel.
For the restriction of PCR-products, 1U restriction enzyme per
25 µl PCR-reaction was used. 

Database comparison and statistics

Sequence of the fragment was compared to the MAFF DNA
Bank (http://www.dna.affrc.go.jp/) by BLAST N- and BLAST X-
search. Analysis of Variance of wood density in relation to
marker classes was carried out by SAS software Vers. 6.1 par-
ticularly using Proc ANOVA and the LSD test for the compari-
son of means. 

Results 

AFLP analyses

Four DNA-pools were applied to carry out genotyping of indi-
viduals with most extreme wood densities of Norway spruce
which represent different full-sib families. Two different pairs
of pools with 15 and 10 individuals, respectively were tested for
both for high and low wood density, respectively. In total, 34
primer enzyme combinations (PECs) each for EcoRI/MseI,
PstI /MseI and HindIII /MseI (all 3bp extension) were analysed
for identifying polymorphisms between the pools. Polymor-
phisms were selected, being present in each pair of samples
and absent in the other. 

A total of 107 polymorphic bands were identified as putative-
ly correlated to high or low wood density, respectively. Twenty-
three polymorphic bands, showing strongest band intensities
and distant position to neighbouring bands, were selected for
further analysis. To confirm the polymorphisms observed in the
DNA pools, each individual, used for pool construction, and
additionally unrelated clonal material was analysed separately
for on presence or absence of the polymorphic AFLP-fragments.
(Table 1). Fifteen fragments were significantly correlated to
low or high wood density according to a two side Fisher’s exact
test (Table 1). Four polymorphic fragments, showing the lowest
deviation from the expected pattern of presence/absence of the
markers in corresponding individuals, were selected for conver-
sion into SCAR markers (Table 1, bold italics). 

Characterization and validation of SCAR marker

Conversion of the four selected polymorphic AFLP fragments
(K9-171, K37-263, K67-166 and K68-325, Table 1, bold) into
SCAR marker was started from the bulked DNA. Following
reamplification and sequencing of the bands, significant
sequence differences were observed for the different clones,
suggesting sequence similarities between the different clones. 

For fragment K9-171 and K37-263, both, the PstI- and MseI
adaptor sequence was identified as expected, whereas for frag-
ment K67-166 and K68-325, only the PstI adaptor sequence
was identified on both ends of the fragments. Additionally, a
sequence deviation for the overhang from CCA to CTG was
detected for fragment K68-325 (Table 2B, italics). 

By BLAST N sequence comparisons, homologies to cDNA of
P. taeda were found for marker K37-263 and K68-325, while by
BLAST X search, high homologies to Arabidopsis ESTs were
found for markers K9-171 (60%) and K68-325 (75%). Addition-
ally, homology of 82% to protein phosphatase from Arabidopsis
was identified for K37-263.

Table 1. – Results of the two-sided fisher-exact-test performed for the estimation of marker linkage to
wood density. 15 marker were selected as significantly correlated to wood density in total. a: primer-
sequences specific for adaptor: P = PstI; E = EcoRI; H = HindIII; M = MseI + 3bp extension. b: number of
individuals having high wood density as determined by X-ray microdensity and pilodyn measurement out
of 58 individuals (25 individuals from the full sib families used for bulk construction and 33 additional
unrelated clones from Sweden and France). c: number of individuals having low wood density as deter-
mined by X-ray microdensity and pilodyn measurement out of 60 individuals (25 individuals from the full
sib families used for bulk construction and 35 additional unrelated clones from Sweden and France). 
d: number of deviations from the expectation on presence or absence of fragments out of 118 individuals.
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Initially, sets of nested primers used for amplification (Table
2A) produced monomorphic bands for all markers in nearly all
individuals (94%) regardless of marker linkage to low or high
wood density. Subsequent, sets of restriction site specific (RSS)
primers, including PstI or MseI restriction recognition sites
were used (Table 2B), resulting again in an amplification of
monomorphic fragments for all individuals. 

A restriction approach of PCR-products obtained by using
the RSS-primers (Table 2B) was performed for distinction of
the marker-alleles in linkage to low or high wood density. Eigh-
teen different restriction enzymes, adjusted to defined restric-
tion recognition sites within PCR products, were selected based
on sequence information and tested. By following this strategy,
a distinction of the marker K9-171 and K37-263 was feasible.
For marker K9-171, the restriction enzyme HaeIII revealed as
optimal (Figure 1), whereas the marker K37-263 was distin-
guished by using of TaqI and BamHI enzymes (not shown). 

identified. The phenotypical variance which can be explained
by marker K9-171 are 18.46% and 23.71% for K37-263 (Table
3). 

Discussion

Different reports have been published for crop species about
molecular markers for selected traits, which were identified by
bulked segregant analysis (BSA) in combination with AFLP
(NEGI et al., 2000; DONG et al., 2000; HAYES et al., 2000). For
tree species, the BSA was used for the identification of RAPDs
linked to Melampsora resistance in poplar (VILLAR et al., 1996),
white pine blister rust fungus resistance of sugar pine
(HARKINS et al., 1998), or the analysis of quantitative traits
(GRATTAPAGLIA et al., 1996). 

Here, the development of molecular markers for high wood
density of Norway spruce (Picea abies), based on BSA-AFLP
combination and their conversion to SCAR marker is described
for the first time. The availability of these markers, however,
may also be usable for selection of other wood properties. 

Negative correlations were described for wood density and
growth rate or higher susceptibility to cambial damage from
frost spring, respectively (VARGAS-HERNANDEZ, 1994), whereas a
positive correlations between density and fibre length was
reported by ZHANG (1997) and DUTILLEUL et al. (1998). We did
not verify these markers for their correlation to fibre length,
however, theoretically they are usable as an indirect predictor
for fibre length, which is an important trait for pulp industry. 

Nearly all AFLP-markers which were linked to wood density,
originated from primer enzyme combinations PstI/MseI (Tab.
1). PstI is well known to recognize undermethylated genomic
regions and therefore putatively expressed genes (KNOX and
ELLIS, 2001). Even though the markers used are short in length
(166–325bp), the results were supported by marker analyses
on open reading frames and database comparisons, whereas
similarities to ESTs (expressed sequence tags) and a phos-
phatase of Arabidopsis thaliana were identified. The amplifica-
tion of monomorphic PCR products for AFLP converted mark-
ers, also described by DE JONG et al. (1997) and MEKSEM et al.
(2001), indicate the existence of conserved homoplasic loci dis-
persed within the genome. The knowledge about the complexi-
ty of the coniferous genomes is few, comparative mapping stud-
ies point out the existence of orthologs (same locus in two
species), paralogs (genes duplicated in the same species)
(DEVEY et al., 1996) and the existence of complex gene families
(KINLAW and NEALE, 1997). 

To allocate the character of the markers (ortholog/paralog),
different coniferous species were analysed on presence or
absence of the presented markers. All four wood density mark-
ers identified for Picea abies, were also found as size identical
fragments in different Pinus species (Pinus pinaster, Pinus
sylvestris, Pinus radiata, not shown). Therefore, these markers
might be speculated as orthologs among different conifers. An

Table 2. – Sequences of primers used for marker amplification. 
A. primer sequences for the amplification of size reduced markers. 
B. primer sequences for the amplification of full length markers. 
RSS= restriction site specific; including the recognition site for the spe-
cific restriction enzyme (TTAA = MseI; CTGCAG = PstI, marked as
bold). Size in bp, Tm = annealing temperature.

Figure 1. – Restriction pattern of marker K9-171 (1) for HaeIII restric-
tion of full length fragments after PCR-amplification by restriction site
specific (RSS)-primers. Expected marker (2, 120bp) correlated to high
wood density (see also Table 3). M = Molecular weight marker.

In total 222 progenies (from 29 full-sib families) and 52 unre-
lated clones (Hermanstorp and Knutstorp) were analysed in
respect to marker-alleles for high density marker K9-171 and
K37-263. Based on mean wood density data, an ANOVA and a
t-test according to LANDER and BOTSTEIN (1989) were performed
to associate wood density with marker and to estimate the
mean value for the marker alleles. According to the results in
Table 3, both markers are applicable for selection on high wood
density of Norway spruce. Based on scoring data for presence
or absence of these markers, no linkage between markers was

Table 3. – Results of the statistical analyses based on data for mean
wood density for the marker-alleles K37-263 and K9-171. M0 = mean
density of class for marker absence; M1= mean density of class for
marker presence. Mean Diff = mean difference between the classes for
marker presence or absence. LSD is the least significant difference
(95% confidence limits) between the classes. r2 = percentage of pheno-
typic variation explained by the marker.
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initial restriction of PCR-products revealed sequence differ-
ences for two of four markers between P. abies and P. pinaster.
Detailed information about sequence identities will be obtained
by direct sequence comparisons.

The reason for amplification of monomorphic fragments by
usage of nested- or restriction site specific (RSS) primer may be
the nature of AFLP markers. In general, internal sets of
primers are mainly used for amplifications of converted mark-
ers (SHAN et al., 1999; MEKSEM et al., 2001), but AFLP frag-
ments resulted definitively from nucleotide difference specific
to AFLP primers. Despite the usage of RSS primers, an ampli-
fication of monomorphic fragments was impossible. As crucial
reason, we assume a high mismatch rate for the MseI sequence
(TTAA) within the restriction site-specific primer. 

The conversion and examination of the residual eleven
AFLP-marker as well the differentiation of the remaining two
markers which are in linkage to high wood density by SSCP-
analyses (PLOMION et al., 1999) will be a major task for the
near future in purposes to increase the amount of markers
functional for MAS (marker assisted selection) on wood density.
Next a clarification of sequence identities between fragments,
which is of interest not only for synteny studies, it is mainly
intended to identify more markers usable to explain most of
the phenotypical variance for wood density. 

The orthologous character of the markers enforces the inten-
tion, to reveal potential correlations to wood density in differ-
ent coniferous species. Therefore, we are in preparation to map
them in Pinus pinaster, Pinus sylvestris and Pinus radiata. 

It is not predictable, whether the presence of the marker
within a genomic background will be a sufficient indicator, that
genes which are in linkage are definitively switching during
life span, resulting in an increment of wood density. Before
usage of the marker for MAS, a vast validation on marker pres-
ence in different genetic backgrounds and correlation analyses
to wood density are undoubtedly required. 

The question, whether the markers presented here, are parts
of genes which are correlated to wood density expression is not
answerable at the moment based on BLAST X and BLAST N
information. Therefore, a PCR-walk (SIEBERT et al., 1995;
DEVIC et al., 1997), tail-PCR (LIU et al., 1995) or hybridisation
of the markers against an existing cDNA library for Norway
spruce may help to light up the character and functionality of
these markers within the coniferous genome.
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Summary

Softwood nodal shoot cuttings were collected from the hedge
garden at New Forest campus of Forest Research Institute,
Dehra Dun. The cuttings were rooted in mist chamber to inves-
tigate the effect of IBA application and position of cuttings on
shoots on rooting ability in different clones of Dalbergia sissoo
Roxb. As compared to the 0% (control) and 0.1%; 0.2% IBA
showed maximum adventitious root formation. Overall percent
rooting, percent sprouting, mean number of shoots and their
length, mean number of roots and their length increased with
increasing concentration of IBA. Among different positions of
cuttings within the shoots, the best rooting response was
recorded in the middle part followed lower and upper part. The
findings exhibited significant interclonal variation regarding
adventitious rooting and maximum response was observed in
C42 (Gonda, Uttar Pradesh) clone. Interactive effect of clone
C42 and middle position significantly increased percent sprout-
ing while; interactive effects of middle position and 0.2% IBA
treatment significantly increased percent rooting. It is conclud-
ed that the selection of genotypes with good rooting ability with
respect to shoot position in hedged plants and concentration of
IBA can be made to produce high quality planting stock materi-
al to start clonal forestry programme of D. sissoo.

Key words: Dalbergia sissoo, IBA, position on shoots, clone, nodal cut-
tings, rooting.

Introduction

Dalbergia sissoo Roxb. commonly known as shisham is an
important multipurpose tree species of Northern India. Tradi-
tionally, plantations of this species are raised through seedling
resulting in large variation in growth, form, irregular seed set-
ting and disease prone trees. In order to reduce plant variabili-
ty and at the same time ensure increased productivity, the
development of vegetative/clonal propagation techniques is
required. For the production of high quality timber and faster
tree growth, it is essential to start by selecting superior
clones/trees from which the stem shoot cuttings are to be
taken. Vegetative propagation of shisham and other tree
species through stem cuttings is markedly affected by several
factors (NANDA, 1970; HARTMANN et al., 1997). Several studies
have demonstrated variation in rooting ability within geno-
types on the same locations due to natural genetic variation
(HAINES et al., 1992; HUSEN and PAL, 2003a). Positions from
which cuttings are taken also influence the overall quality, its
ability to root and subsequent growth habit (HARTMANN et al.,
1997; ZAKARIA and ONG, 1982; TCHOUNDJEU and LEAKEY, 1996;
HUSEN and PAL, 2003b). Adventitious root formation in juvenile
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