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A vegetative multiplication trial was conducted in two commercially important timber species with different 
rooting abilities from the genus Dalbergia. Dalbergia latifolia, globally known as ‘Indian rosewood’, is a 
premium-quality high priced Indian timber species. It is vulnerable in the forest and bears the constraint of 
poor adventitious rooting through branch cuttings, hence classified as a difficult-to-root (DR) species. On the 
other hand, D. sissoo is a multipurpose timber species of North India known for its guaranteed rooting, hence 
classified as an easy-to-root (ER) species. Among the commercially synthesised auxins viz. indole-3-acetic acid 
(IAA), indole-3-butyric acid (IBA) and 1-naphthalene acetic acid (NAA), and rooting synergists, thiamine 
and piperazine, 5.0 mM IAA resulted in the highest rooting percentage (12%) in the branch cuttings of the 
DR species. High genetic variation was observed among the accessions of the DR species on rooting ability. 
No significant correlation was obtained between the endogenous auxin (IAA) level and rooting ability in 
both DR and ER species. The results indicated that the adventitious rooting potential varies from tree to 
tree within a species and is significantly not dependent on their endogenous IAA level. The findings did 
not support the concept that endogenous auxins directly affect root formation. However, a more refined 
extraction procedure and assay, with advanced instrumentation, at different stages, can validate the possible 
role of IAA in adventitious rhizogenesis. 
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INTRODUCTION

The genetic improvement program for forest 
trees includes clonal forestry, through which the 
desirable traits of the elite trees (progeny-tested 
trees) are maintained in filial generations. Clonal 
forestry aided with macro-propagation technique 
plays a significant role in tree improvement and 
breeding (Nehra et al. 2005). The method is 
applied to maintain the genetic homogeneity 
among the ramets (clonal siblings from the 
same parent tree) to its ortet (parent tree of 
the ramets), maintaining desirable characters 
for commercial utilisation and conservation of 
forest resources. Clonal plantations of temperate 
poplar, and tropical and sub-tropical eucalypts 
and conifers were widely established in the 
1970s and 1980s for increased productivity 
(Libby and Ahuja 1993, Rezende et al. 2013, 
Wu 2019). In traditional clonal forestry, the 
vegetative propagation is carried out through 
rooted cuttings for adventitious rooting. But 

the desirable success could be achieved only in 
horticultural fruit trees (Bisognin 2011). In forest 
trees, clonal multiplication is being practiced at 
various stages of development. Nevertheless, the 
adventitious root formation mechanism has not 
been fully understood in forest trees.
 Plant roots generated from non-rooting 
tissues are termed adventitious roots. The 
adventitious rooting ability and rooting behavior 
of forest trees differ significantly. Some tree 
species with preformed or latent root initials on 
their branch cutting, e.g., willows and poplars, 
emerge root immediately on placing the branch 
cuttings in the proper soil and environment 
conditions favorable to its rooting and growth 
(Pijut et al. 2011). On the other hand, there 
are some species where root formation takes 
place as a wound response. In wound-induced 
adventitious root formation, the role of the plant 
hormone, auxin, is considered more crucial. 
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It regulates the division of parenchyma cells to 
synthesise callus in the place of the wound, and 
later, the adventitious root differentiate from the 
callus. Specifically, in branch or stem cuttings 
of trees, wound-induced rooting represents a 
significant kind of adventitious root formation 
mechanism. This mechanism has been discussed 
in detail by Hartmann et al. (2002). However, 
studies explaining the physiology and molecular 
genetics of adventitious root formation in forest 
trees are few. Most of the findings are confined to 
two factors significantly associated with successful 
rooting, i.e., first, the auxin regulation at various 
growth-phase, and second, the genetics of the 
parent plant material (Blakesley et al. 1991, 
Mullin et al. 1992).
 Auxin is one of the plant growth regulators 
(PGR), also known as ‘rooting hormone’ because of 
its involvement in adventitious root differentiation 
and formation (Davis et al. 1988, Kevers  et  al. 
1997). Auxin is known for its significant role 
in the interdependent physiological stages of 
the rooting process associated with changes in 
endogenous auxin concentrations (Heloir et 
al. 1996, Gasper et al. 1997, Nag et al. 2001). 
Woody cuttings represent a highly complex 
system in which endogenous levels of PGR 
transport, dormancy and storage, as well as 
inhibitory compounds influence adventitious 
root growth, by preconditioning treatments 
(Howard 1994, Wilson 1994). The role of 
endogenous PGR, other than auxin, as a signal 
to promote adventitious root formation has been 
extensively examined (Blakesley 1994). The 
adventitious root formation at the base of a stem 
cutting consists of different stages, influenced 
by extrinsic factors, e.g., bioclimatic variables, 
nutrient supply, site factors, etc., and intrinsic 
characteristics, e.g., genetic and phenology, as 
well as the physiology of the tree species. It has 
been characterised that the rooting ability of an 
ortet declines with maturity due to the regulation 
of PGR (Thorpe et al. 1991). It has also been 
considered that branch cuttings with a low rate of 
basipetal transport of endogenous auxin would 
be slow in root formation (Wilson 1994). Hence, 
the branch cuttings have been treated with 
commercially synthesised exogenous auxin to 
increase the basal free endogenous auxin, which 
stimulates the adventitious root formation in the 
cuttings (Ford et al. 2002, Quaddoury & Amssa 
2004). Therefore, it is now a generalised practice 
for mass multiplication to collect the branch 

cuttings from juvenile trees, and to exogenously 
treat them with commercially synthesised auxins 
that promote adventitious rooting. For ease of 
multiplication, tree species have been categorised 
as ‘easy-to-root’ (ER) and ‘difficult-to-root’ (DR) 
species based on the rooting ability. Although 
the adventitious root formation is possible only 
through the activity of endogenous auxin and 
without the application of exogenous auxin in 
a model plant (Liu et al. 2014), it has not been 
studied in long-lived forest tree species. 
 Therefore, the current study investigated 
the relationship between endogenous auxin 
level and adventitious rooting percentage in two 
species of the Dalbergia (Fabaceae) with different 
rooting abilities, i.e., D. latifolia (DR) and D. 
sissoo (ER). Dalbergia latifolia, globally known 
as ‘Indian rosewood’ is a premium-quality high 
priced Indian timber species. It is vulnerable 
in the forest and bears poor adventitious root 
formation through branch cuttings, hence 
classified as a DR species. On the other hand, D. 
sissoo is a multipurpose timber species of North 
India, known for its guaranteed adventitious root 
formation, hence classified as an ER species. Due 
to the non-availability of a standardised treatment 
for D. latifolia, an experiment was conducted to 
test the efficacy among commercially synthesised 
auxins, IAA, IBA and NAA, and further used 
in the present study for a better exogenous 
treatment of shoot cuttings in D. latifolia. 

MATERIALS AND METHODS

Plant sampling and preparation of 
cuttings 

Shoot cuttings were sampled from 10 
phenotypically superior trees from each species, 
D. latifolia and D. sissoo, established and grown in 
the Tropical Forest Research Institute, Jabalpur, 
India (N 23.099253, E 79.989649). Trees were 
selected from a natural population of mixed 
species, based on growth traits like straightness, 
clear bole height, branches at a climbing/
approachable height for collection of shoot 
cuttings, and no disease incidence. The samples 
were collected following the phenology of the 
species, during the period of new leaf flushing. 
It was assumed that the physiologically active 
growth period supports adventitious rooting. 
Detailed characteristics of the species are given 
in Table 1. Shoots were cut to prepare cuttings of 
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15 to 20 cm in length and were surface sterilised 
with 1% Bavistin (fungicide) before exogenous 
auxin treatment. The experiment was performed 
on 15 branch cuttings per tree in three 
replications, along with a control set. The branch 
cuttings of D. latifolia were planted in polythene 
bags containing a potting mixture of soil, sand 
and farm-yard manure (FYM) in a ratio of 1:2:1, 
and those of D. sissoo were planted in sand bed 
(Figure 1a,c,e). The polythene bags were kept in 
a partially shaded open environment during the 
experiment.

Selection of auxin suitable for 
adventitious rooting 

Literature does not have a standardised 
exogenous treatment for adventitious rooting 
in D. latifolia. Therefore, an experiment was 
conducted in a simple randomised design with 
different plant growth regulators, IAA, IBA and 
NAA, and rooting synergists viz. thiamine and 
piperazine, to select the most suitable auxin for 
adventitious rooting in D. latifolia.  The branch 
cuttings of D. latifolia were basal-dipped for 
four hours in 2.5 and 5.0 mM concentrations 
of the auxins mentioned above. As a model of 
ER species, the branch cuttings of D. sissoo were 
compared with DR species, D. latifolia. Rooting 
ability was determined by recording the number 
of cuttings (in percentage) with successful 
adventitious rooting on the total number of 
cuttings planted. 

Estimation of endogenous auxin level

The endogenous auxin level in the branch 
cuttings was estimated after collection from the 
trees. The method by Stoessel & Venis (1970), 
with some modifications, was used to standardise 
a spectrophotometric method to estimate the 
quantity of endogenous IAA. One gram of tissues 
(from bark to pericycle) scratched from the basal 
region of the branch cuttings were grounded 

in liquid nitrogen (N2), assuming equal loss 
in all samples due to photooxidation, and 
homogenised in 80% methanol (HPLC grade). 
The homogenate was filtered and the filtrate 
was treated with a saturated ammonium sulfate 
solution. Precipitated protein was filtered off and 
the pH of the supernatant was adjusted to 2.5. A 
clear solution was taken into a 60 ml separating 
funnel, and IAA was extracted in diethyl ether. 
The extraction process was repeated thrice. 
Ether layer containing IAA was collected, and 
the ether was evaporated at low temperature. 
Extracted IAA was dissolved in 96% ethanol. 
After evaporation of ethanol, 0.1 ml ice-cold 
solution of acetic anhydride and trifluoroacetic 
acid (TFA) in 1:1 v/v and 4.5 ml ice-cold Na2CO3 
(5% w/v) was added. The absorbance of the 
solution was recorded at 449 nm wavelength 
using ultraviolet-visible (UV-Vis) double beam 
spectrophotometer. A standard curve for IAA 
was prepared using the IAA standard of known 
concentration, to quantify extracted endogenous 
IAA.

Assessment of adventitious rooting 
ability between species

The rooting ability of selected trees of the species 
was determined by a factorial experiment with 
randomisation of their branch cuttings. The 
experiment was conducted twice in May and June 
for D. latifolia. Branch cuttings of D. latifolia were 
surface sterilised with 1% Bavistin and treated 
with the most effective treatment of 5.0 mM IAA 
for four hours through basal-dip in the solution. 
Fifteen cuttings per tree along with the control 
set was maintained in three replications. Cuttings 
were planted in poly bags containing soil, sand 
and FYM in a ratio of 1:2:1, and maintained for 
75 days in a partially shaded open environment 
at 35 ± 2 °C temperature and 60–70% humidity, 
by watering with a fine nozzle sprayer, four times 
during daytime. After 75 days, cuttings were 
sampled and rooting ability was recorded. The 

Table 1 Characteristics of trees from Dalbergia species sampled for the investigation

Characteristics Dalbergia latifolia Dalbergia sissoo

Age 15–30 years 12–20 years

GBH (girth at breast height, 1.37 m) 56–106 cm 64–102 cm

Phenology (month of new leaf flushing) May–June February–March

Adventitious rooting ability Difficult-to-root Easy-to-root
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an average rooting ability of 11.33 ± 17.22 % among 
the cuttings treated with 5.0mM IAA (Figure 
1b). Only two tree accessions resulted in profuse 
adventitious rooting (> 40%). The endogenous 
IAA ranged from a minimum of 1.83 µg g-1 fresh 
weight to a maximum of 5.40 µg g-1 fresh weight 
(Figure 2b). The above experiment on D. latifolia 
was repeated in June, and adventitious rooting 
was observed in 80% of the tree accessions with 
an average rooting ability of 9.33 ± 7.82 % among 
their cuttings (Figure 2c, 1d). The endogenous 
IAA level in the cuttings was 1.19 ± 0.85 µg g-1 

fresh weight (Figure 2c).
 A non-significant relationship was obtained 
between endogenous IAA level and rooting 
ability (%) in the branch cuttings of D. sissoo 
(Figure 3a) and D. latifolia (Figure 3b, 3c) in all 
the experiments. 

DISCUSSION

Dalbergia latifolia and D. sissoo are endemic to 
India. These species have been harvested mainly 
for timber, and other multipurpose uses. Dalbergia 
latifolia has a peculiar timber quality with a 
straight trunk, attractive texture and high wood 
density that enhances its value in the furniture 
market. Unlike D. latifolia, D. sissoo does not 
possess high economic value quality timber and 
is utilised for furniture-making, fuel-wood and 
fodder. Both the species are highly preferred for 
agroforestry planting due to their nitrogen-fixing 
characteristics, thus enhancing soil fertility. Due 
to high commercial demand, these species have 
been over-exploited. Clonal multiplication of 
these species will help their conservation and 
support the agroforestry practices in the region. 
Earlier investigation has reported the successful   
multiplication of D. sissoo in clonal propagation 

experiment was conducted with ER species, 
D. sissoo, in March, at the time of new sprouts, 
following a successfully applied standard protocol 
given by Ansari et al. (1995) with modification 
in IAA concentration. The sterilised branch 
cuttings of three replications and control were 
treated with 0.5 mM IAA for 18 hours through 
basal dip in the solution. Due to the easy-rooting 
ability of the species, the adventitious roots were 
adequately developed and became strong enough 
to be recorded in 45 days. 

Data analysis

Estimation of basic statistics, analysis of variance 
(ANOVA) and the correlation between 
endogenous IAA level and adventitious rooting 
ability were performed through SYSTAT 
programme (version 10). 

RESULTS

The IAA resulted in the highest rooting 
percentage (12%) of exogenously applied auxins 
at 5.0 mM concentration in D. latifolia (Table 2). 
Therefore, in further experiments, to determine 
the relationship of endogenous auxin with 
rooting ability in the species, endogenous IAA 
was estimated in the branch cutting tissues.  
 In March, the experiment on D. sissoo resulted 
in adventitious rooting in all tree accessions of 
the species with rooting ability of 60.67 ± 23.61%, 
after 45 days of the establishment of branch 
cuttings treated with IAA (Figure 2a, 1f). The 
endogenous IAA level in the cuttings was 1.77 ± 
1.30 µg g-1 fresh weights (Figure 2a). During May, 
among ten tree accessions, the branch cuttings 
from six tree accessions (60% of tree accessions) 
of D. latifolia resulted in adventitious rooting, with 

Table 2 Adventitious rooting (%) in the branch cuttings of Dalbergia latifolia treated with different auxins

Treatment
R1 R2 R3 R4 R5 Mean

Callus Root Callus Root Callus Root Callus Root Callus Root Callus Root 

(%) (%) (%) (%) (%) (%) (%) (%) (%) (%) (%) (%)

Control 10 - 35 5 35 5 60 - 50 - 38 02

IAA 75 - 55 40 50 20 55 - 30 - 53 12

IBA 70 - 55 45 30 10 25 - 45 - 45 11

NAA 15 - 60 10 80 - 50 - 20 - 45 02

R = replications (tree accessions), IAA = indole-3-acetic acid, IBA = indole-3-butyric acid, NAA = 
1- naphthalene acetic acid
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Figure 1  Experiment on rooting ability of (a) Dalbergia latifolia in May, (c) Dalbergia latifolia in June, (e) 
Dalbergia sissoo, (b, d) rooted cuttings of Dalbergia latifolia and (f) rooted cuttings of Dalbergia sissoo

through branch cuttings (Ansari et al. 1995). 
Similar success could not be achieved in D. 
latifolia due to poor rooting constraints. Thus, 
in the present investigation, D. sissoo was taken 
as a model tree to compare the experimental 
results with D. latifolia in similar environmental 
conditions. Since these species are from the same 
genus, the effect of genetic differences would be 
minimal. Similar results were obtained in the 
present investigation, and within only 45 days of 
planting, profuse rooting (60.67 ± 23.61%) was 
recorded in D. sissoo. Hence its consideration as 
an ER species has been confirmed.
 Among the commercially synthesised auxins 
applied exogenously to the branch cuttings, IAA 
(5.0 mM) was associated with the highest rooting 
percentage (12%) in D. latifolia. The IAA exists 

in plants in a natural form as an undissociated 
molecule at pH < 4.0 or anionic form at pH > 4.0. 
The ionised IAA exhibits basipetal polar transport 
through specific electrogenic carrier proteins 
(Lomax et al. 1995). Therefore, depleted lateral 
distribution is unavailable to the target cells of 
the pericyclic region (Jacobs & Gilbert 1983, 
Mitsuhashi-Kato et al. 1978). Dedifferentiation 
of cells to form adventitious roots depends upon 
local redistribution through the exogenous 
supply of auxin, due to discontinuation of 
vascularisation in shoot cuttings (Ansari et al. 
2004). The local redistribution is achieved 
by moving undissociated IAA molecules as 
lipophiles across the plasma membrane through 
passive diffusion (Lomax et al. 1995). Exogenous 
auxin treatment to the base of cuttings enhances 

(a) (b)

(c) (d)

(e) (f)
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Figure 2 Endogenous IAA level and rooting ability among the tree accessions of  Dalbergia sissoo estimated 
during March (a) and Dalbergia latifolia estimated during May (b) and June (c)
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Figure 3 Relationship between endogenous IAA level and rooting ability (adventitious rooting, %) in tree 
accessions cutting from Dalbergia sissoo in March (a) and Dalbergia latifolia in May (b) and June (c)
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the availability of IAA to overcome the loss due 
to oxidation of endogenous IAA (Fu et al. 2011). 
Negishi et al. (2014) found similar IAA levels 
in ER and DR clones of Eucalyptus globulus, but 
noted higher IAA-Asp level in DR genotype, and 
suggested that IAA conjugation plays an essential 
role in determining adventitious rooting capacity. 
More success in ER plants is due to the rapid 
auxin transport capacity (Nakhooda et al. 2011).
 Genetic variation was observed in the 
phenology-associated rooting ability of tree 
accessions of D. latifolia. Inherent competency 
of meristamatic cells determines optimum 
regeneration potential at the active growth 
phase. In May, the branch cuttings from 60% of 
the tree accessions produced adventitious roots 
with a rooting ability of 11.33 ± 17.22%. In June, 
80% of the tree accessions had adventitious root 
formation in their branch cuttings with reduced 
rooting ability (9.33 ± 7.82 %). In D. latifolia, 
during one month (from May to June), the 
endogenous auxin level in the branch cuttings 
slightly declined, and no significant correlation 
was obtained between endogenous IAA level 
and rooting ability (%), in the branch cuttings 
of both ER and DR species. The concentration 
of endogenous auxin increases during the 
initial hours after severance of cuttings, and 
decreases during adventitious root formation 
(Nag et al. 2001). Ford et al. (2002) reported 
decreased rooting capacity with a free IAA 
endogenous concentration reduction at the 
base of Forsythia cuttings. Cuttings collected 
during active physiological state resulted in 
optimum adventitious rhizogenesis (Gardea 
et al. 1994). Meristematic tissues, during 
this period, exhibit optimum potential for 
cell division. Carbohydrate storage and its 
mobilisation to roots have a significant role in 
cuttings’ establishment (Haissig 1986,Veierskov 
1988, Haissig et al. 1992). Histological origin 
of adventitious roots in different woody plants 
revealed anatomical variation among species 
regulating adventitious root formation (Lovell 
& White 1986). Differences in adventitious 
root formation between species or within the 
same species complex may be a consequence 
of genetic and anatomical variation among 
them (Friend et al. 1994). Nanda & Anand 
(1970) reported season-dependent induction 
of enzyme activity, and mobilisation of soluble 
sugars and endogenous auxin in Populas nigra.

 No significant correlation resulted between 
endogenous auxin level and adventitious 
root formation. Auxin regulates plant growth 
in response to diverse developmental and 
environmental cues (Woodward & Bartel 
2005, Teale et al. 2006). However, auxin is not 
needed during all the stages of adventitious 
root formation. Blakesley et al. (1991) describe 
the involvement of auxins in differentiation, 
cell division and growth of cells during the 
induction phase of adventitious root formation 
in ER and DR species, where the peak of IAA 
was observed soon after excision of cuttings, 
correlated with changes in peroxidase activity. 
Naturally synthesised IAA controls many plant 
growth and development processes by regulating 
gene activity, resulting in cell division, elongation 
and differentiation. Therefore, the regulation of 
hormone concentration is crucial for developing 
plants, which is regulated by biosynthesis, 
reversible inactivation, degradation and transport 
(Ludwig-Muller 2004). 
 Phenolic compounds may inhibit or promote 
adventitious rooting (Steffens & Rasmussen 
2016). Peroxidase oxidizes free IAA, whereas 
auxin is partially protected in conjugated forms 
(Nordstrom et al. 1991, Nag et al. 2001). Over 
95% of the total auxin in a plant can be found in 
the conjugated form, therefore, the formation of 
auxin conjugates is one of the critical regulatory 
pathways for the activation/inactivation of IAA 
(Hangarter & Good 1981, Cohen & Bandurski 
1982, Bandurski et al. 1995). A significant 
difference in the rooting ability observed in 
the auxin treated and untreated cuttings also 
suggested the need for adequate amounts of 
exogenous IAA during the initial root induction 
phase (Quaddoury & Amssa, 2004).

CONCLUSION

Results indicates that the adventitious rooting 
potential varies from tree to tree within a 
species and is significantly not dependent on 
their endogenous IAA level. Findings did not 
support the concept that auxins have a direct 
role in root formation. Confirmation of findings 
on trees would require recent advancements 
in IAA extraction, and assay for wider 
acceptability. Enhancement of adventitious 
rooting by exogenous IAA treatment indicated 
that auxins are promoters. However, the role 
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of endogenous IAA is indirect or supportive 
in various physiological processes responsible 
for adventitious rhizogenesis. Exogenous IAA 
treatment seemingly helped local redistribution 
and lateral supply of auxin to the target cells in the 
pericycle region for their organisation and growth 
into adventitious roots. Besides endogenous IAA, 
the adventitious rooting response of tissue is 
regulated by rooting inhibitors at the base of the 
cutting, sensitivity of cells to auxin signals, stored 
carbohydrates and minerals in cuttings, and 
lignification or sclerification of the stem. It was 
assumed that the inherent competency of tissues, 
at the time of severance and movement of IAA to 
the target cells, is crucial in determining rooting 
ability. The wood density might govern the timely 
distribution of IAA to the target cells at the time 
of root induction in hardwood species.
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