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ABSTRACT

Adventitious root formation in woody plants is highly influenced by the process of physiclogical
ageing. There are increasing efforts to identify markers for distinguishing between mature and
juvenile stages of trees. However, it appears to be very little information on this aspect at the
chemical and molecular levels. The aim of the work was to identify potential chemical marker of
juvenile and mature state; and accomplish maximum rooting in teak (Tectona grandis Linn. f.)
leafy shoot cuttings. Experiments with teak leafy shoot cuttings of three different physiclogical ages
30- and 15-year-old (mature); and 2-month-old {juvenile} were conducted in mist propagation
system. Maturity of donor teak plants decreased rooting ability. Cuttings obtained from 2-month-old
donors rooted more profusely in comparison to 15- and 30-vear-old donors. Indole-3-butyric acid
treatment at 4000 mg L} significantly increased rooting percentage and produced highest number
of roots. High Performance Thin Layer Chromatography (HPTLC) analysis of anthraquincnes
(AQs; C, ,H,O) was utihzed to detect quahtative and quantitative differences in AQs in stem tissues
from 2-month, 15- and 30-year-old donor plants. The HPTLC analysis showed that AQs varied from
2.8 to 18.2% in cuttings derived from 2-month-o0ld donor plants, while the variations were 4.9 to
27.5% and 11.8 to 43.4% in those from 15- and 30-year-cld donor plants, respectively. Altogether,
data support that AQs could be a reliable marker for maturity vis-a-vis juvenility in teak.
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INTRODUCTION

The loss of ability to form adventitious rooting in various types of cuttings is one of the most
dramatic effects of maturation and remains a hindrance for the clonal multiplication of superior
genotypes of forest trees species. Reduced/loss of ability of adventitious rooting in mature shoots can
be attributed to physiological aging and many clarifications for the diminishing rooting ability of
cuttings obtained from mature stock plants are presented (McGowran et al., 1998; De Klerk ef al.,
1999 Greenwood, 1995; Greenwood ef al., 2001, Diaz-Sala et al., 2002; Vidal et al., 2003,
Husen and Pal, 2008; 2007a; Osterc ef al., 2009; Husen, 2011; 2012). Physiclogically juvenile donor
plants are prone to develops strong and ample Adventitious Root Formation (ARF) and/or axillary
bud growth, which has been explained in Backhousia citriodora (Kibbler et al., 2003), Abies frasert
{Rosier et al., 2005), Dalbergia sissoo (Husen, 2008a), Tectona grandis (Husen and Pal, 2007a),
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Grewia optiva (Husen, 2012). It has been generally reported that physiological maturation
increased with chronclogical age (eyclophysis). Conversely, the same plant may possess zones (the
top of a plant, cuter part of a plant) which act more physiologically mature than others (plant basis,
inner part of plants). As a result, specific portion of chronolegically adult plant can react like
juvenile parts (Husen and Pal, 2000, 2007b; Osterc et al., 2009),

Morphological, physiolegical, biochemical and histological activities have previously been used
to deseribe phase changes and topophysis in woody species, in order to assess the juvenility of plant
material and ARF (Borchert, 1976; Haffner et @l., 1991; Greenwood, 1995; Husen and Pal, 2006;
Husen, 2008b; Huang ef al., 2012). McGowran et al. (1998) evaluated morphological descriptors
of plant juvenility (angle of shoots to the horizontal, shoot length, stem length, leaf area) in
GQuercus robur and Quercus petraea; Nicolini and Chanson (1999) described the differences in tree
architecture in juvenile and mature stages of Fagus svivatica trees and leaf morphology was an
impaortant factor in research on genomic DINA methylation in Acacia mangium (Baurens ef al.,
2004). The level of nuclear DNA methylation was higher in juvenile than mature shoots of
Sequotadendron giganteum (Monteuuis ef al., 2008). In contrast, the level of nuclear DNA
methylation is higher in mature than in juvenile or rejuvenated shoots of Sequota sempervirens
{(Huang et al., 2012). Baurens et al. (2004) suggested that phase change phenomena happened at
the meristematic level during shoot elongation; and such inconsistency may be due to the nature
of tissues used (Fraga et al., 2002; Monteuuis ef al., 2008). Three ratios among five polyphenacls
were associated with rejuvenation in walnut (Jay-Allemand ef al., 1988). Subsequently,
hydrojuglone glucoside and myricitrin were found as good markers of physiological age in walnut
(Claudot et al., 1992). Enhanced activities of enzymes associated with the synthesis of polyphenols
such as phenylalanine-ammonia-lyase and chalcone synthase were found in juvenile material
(Claudot ef al., 1993). In Hedera helix, mature phase is differentiated by a lack of dihydroflavonol
reductase activity, which results in alack of anthocyanins in mature tissues (Murray and Hackett,
1991). In addition, Valdes et al. (2003, 2004) explained the changes in hormonal status during
maturation in Finus radiata and Finus pinea, where the mature phase appears to be characterized
by inactivation of one or more enzymes involved in the bicsynthesis of active polyphenols and
flavonoids. Husen (2008b) have reported that anthraquincnes in coppice shoots obtained from
eticlated and non-eticlated stock plants showed that etiolation restored some chemical features of
juvenile shoots in Tectona grandis. The position on the plant apparently plays a role in the
accumulation of the major anthoeyanin in senescing leaves of Acer palmatum and the level of
cyanidin 3-glucoside was used as a quantitative marker of the maturation process (Schmitzer ef al.,
2009).

Adventitious rooting in cuttingfor shoots occurs in four steps: cell dedifferentiation, induction,
root primordia development and root emergence (De Klerk et al.,, 1999). Various explanations have
shown that at each step, auxins (endogenous or exogenously applied) play a central role
(Blazkova et al., 1997; Vidal et al., 2003; Osterc et al., 2009; Husen, 2008a, 2012) and in general,
IBA and NAA have been recommended for promoting ARF in cutting propagation in many shrub
{Husen and Mishra, 2001; Husen, 2003) or tree (Kaul, 2008; Husen, 2008a; 2012). Teak
{(Tectona grandis Lann. f) is the principal timber tree species in the Indian subcontinent and
southeastern Asian countries. Teak distribution is mainly determined by climate, geology and soil.
Accordingly, it has been introduced to the other parts of the worlds (Pandey and Brown, 2000).
Teak timber demand in the market is increasing for several luxury applications including quality
furniture, shipbuilding and decorative building components; however its supplies from natural
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forests have declined during the last 2-3 decades (Tewari, 1992; Pandey and Brown, 2000).
Numerous clones of teak timber combine qualities such as strength, durability and resistance to
termites and currently it became an important component of many plantation programmes in
throughout the tropical world (Tewari, 1992; Pandey and Brown, 2000), Teak plants can be raised
using either sexual (seeds) (Tewari, 1992) or asexual (vegetative) propagation methods (Husen and
Pal, 2006). The seed production in clonal seed orchards is very poor and most of the plantations are
raised from unselected seed source resulting in low productivity, moreover, clonal multiplication of
superior genotypes cannot be achieved by seed; therefore, vegetative propagation is used to produce
progeny plants, which are genetically identical to a single source plant. Like many other tree
species, ARF in teak cuttings is also affected by maturation (Husen and Pal, 2006; Husen, 2011).
However, no reports have attempted to investigate ageing (2-month, 15- and 30-year-cld plants)
markers in terms of ARF; therefore, the objective of this study was to gain deeper insight into the
identification of markers in relation to rooting response of teak shoot cuttings.

MATERIALS AND METHODS

Plant materials: Branches were collected from 2-month, 15- and 30-year-cld plants of teak (clone
FG11) growing in New Forest campus, Forest Research Institute (FRI), Uttrakhand, Dehra Dun,
India. FRI is located at 30°20'40"N, 77°52'12"E at 640 m above mean sea level. For 2-month-old
donar plants, seedlings were raised in nursery beds using seeds collected from a teak (clone F(G11)
seed orchard. About 250 seedlings and 25 mature teak plants were used as donors for collection of
cuttings. These were carefully selected for the unmiformity of age, size and free from -disease, -insect,
pest, -physiclogical disorder. Seedlings were maintained by regular watering and weeding.
Complete protection was provided against diseases and insects by foliar spray with insecticides and
fungicides, as and when required.

Coppicing: Branches of 15- and 30-year-old donor plants were pruned to encourage bud sprouting
and new shoot formation while in case of 2-month-old seedlings the main shoots were used for
anthraquinones estimation and making cuttings. The open portion of stem was coated with
chuapatia pest, comprising mixture of 1 g of copper carbonate and 1 g of red lead in 1 L blue copper

to avoid infection.

Anthraquinones estimation: For HPTLC analysis of anthraquinones, 1.0 g dried shoot material
{2-month, 15- and 30-year-old plants) was extracted with 5.0 mL of methanol for 5 min at 70°C
over a rotary flash evaporator. The contents were cocled to room temperature and filtered through
Whatman paper No. 3; then the dried extract was weighed and a 1.0% sclution was prepared using
methancl. The extracted plant material was analyzed on HPTLC pre-coated silica gel plates Merck
60F254 (Merck KgaA, Darmstadt, Germany). The solvent was toluene: ethylacetate (90:10). The
sample was applied (20.0 pL) through Camag Automatic TLC Sampler 111 (Camag Scientific Ine.,
Muttenz, Switzerland) on different tracts and the development mode was Camag Twin Trough
chamber (Camag Scientific Inc., Muttenz, Switzerland). The detection of spots and photography
of TLC plate were done with the help of a Desaga video documentation system (Camag Secientific
Ine., Muttenz, Switzerland) under visible, UV-366 nm and UV-254 nm. Further, details are given
in Table 1. The components were derivatized by spraying with anisaldehyde H,850, (Wagner and
Bladt, 1996); anthraquinones (C,,H,0,) are the derivatives of anthracene.
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Table 1: Scanner settings for anthraquinones detection and analysis

Parameter Value Parameter Value

Plate size (width<height) 11x10 em 8lit dimension 5.0x0 .45 mm
Application position Y 14.5 mm Data step resolution 100 pm

Position of solvent front 94.0 mm Display scaling 1000 AU

Scan start position Y 11.0mm Measurement mode Absorption/reflection
Scan end position Y 95.0 mm Scanning speed 5 mm sec™!

Scan start position X 10.5 mm Optical filter Second order
Distance between tracks X 11.0mm Zeroing mode Normal

No. of tracks 3 Y position for O adjustment 11.0 mm, track: 1
Lamp Deuterium Offset 10%
Monochromator bandwidth 20 mm Sensgitivity Automatic (33)
Wavelength 281 nm High voltage of PM 205V

Collection and cutting preparations: The new shoeots which grew on the pruned branches were
harvested (at that time shoots were about 2-months old) from 15- and 30-year-old donor plants.
Simultaneously, the main shoots of 2-month-old seedlings were alsc harvested from the nursery
stock. For the rooting trials each shoot was made into monoe-nodal leafy soft-wood cuttings. Each
nodal shoot cutting retained about 25.0 cm? leaf area per cutting and the total length of the cutting
was about 4.0 ecm. The cuttings collected from donor plants of different ages were prepared and kept,
separately.

Treatments: The main treatments were (a) age of donor plants and (b) IBA treatments. As
described above the shoots were collected from three different age groups of donor plants. Indole-3-
butyrie acid (IBA) was used with two different coneentration, i.e. at 2,000 and 4,000 mg L. IBA
was applied in their powder formulation (IBAxtaleum powder), which also contained 0.05%
fungicide, i.e., bavastin. Other sets of cuttings from each age group of donors were taken and
treated with talcum powder containing bavastin as controls.

Rooting environment: Cuttings were planted into plastic trays, which were filled with sterilized
vermiculite (pH 7.0). The vermiculite was presoaked in tap water for 24 h before filling the trays.
The cuttings were planted immediately after IBA treatments and kept inside a mist chamber where
the relative humidity was maintained at 85+2% with maximum and minimum day and night
temperature at 321 and 26+1°C, respectively. The automatic day/night misting cycle was set at
60/30 sec, with 1 h delay between successive cycles.

Rooting assessments: The cuttings were carefully removed from the rooting medium and
observations were recorded. The rocting ability (percentage of rooting and number of roots grown
per cutting) of cuttings per donor plant was assessed 40 days after planting.

Statistics: Statistical analysis was performed with the Statistical Package for Social Sciences
(SPSS) windows® software package. The experimental design was a randomized complete block
with a 8x3 factorial arrangement of treatments. There were 5 replications (blocks). Treatments
were donor plant age (2, 15 and 30) and IBA concentration (0, 2000 and 4000 ppm). There were
10 individual cuttings per treatment (subsamples). Data were subjected to two-way analysis of
variance (ANOVA) to determine the significant difference among the age of donor plants and IBA
treatments. Means were compared by using Tukey's test at significance level p<0.05 {the same
letters indicate that means within a row or column are not significantly different at p>0.05 level).
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RESULTS

Rooting response: After 40 days, the rooting abilities showed a great variation among the donor
plants (Table 2). Cuttings with juvenile character (2-month old) tended to show higher rocting rate
(84%). However cuttings obtained from mature donors (15- and 30-year old) showed significantly
lower rooting wvalue (40 and 26%). Similarly, number of roctsfcutting was recorded more in
2-month-old donor in comparison to 15- and 30-year-old donors. Exogenous application of IBA has
a significant positive effect of ARF (Table 3). With increasing concentration of IBA 2000 to
4000 mg L7, there was an increase in rooting percentage. Therefore, IBA 4000 mg L™ gave
highest percent rocting (69%) in comparison to IBA 2000 mg L™! and control which gave 57 and
24% rooting, respectively. In addition, number of roots/cutting was also more with IBA
4000 mg L™ (3.33) in comparison to IBA 2000 mg L™ and control which produced 2.19 and 1.05,
respectively.

The two factor interaction (age of donor plants x [BA treatments) was significant for percent
rooting and number of rootsfeutting at the p<0.01 level (Table 4). Mono-nodal leafy soft-wood
cuttings obtained juvenile donor, i.e. from 2-month old and treated with IBA 4000 mg L™! have
shown highest rooting percentage (93%) and number of roots/eutting (4.59). On the other hand,
the control cuttings from the 15- and 30-year-old donors have not given any response. However,
cuttings obtained from the 15- and 30-year-old donors and treated with IBA 4000 mg L' was more
efficient and have enhanced rooting ability in comparison to IBA 2000 mg L™ and control

(Fig. 1, 2).

Table 2: Effect of age of donor plants on rooting of softwood cuttings in Tectona grandis

Rooting parameters

Age of donor plants Rooting (%) Roots/cutting
2 month 84.69°2 3.81°
15 year 40.19° 2.09°
30 year 26.30° 0.66°

Values followed by the same letter are not significant at p<0.05 level according to Tukey's test

Table 3: Effect of IBA treatments on rooting and sprouting of softwood cuttings in Tectona grandis

Rooting parameters

IBA treatments (mg L) Rooting (%) Roots/cutting
Control 24572 1.05%
IBA 2000 57.06° 2.19°
TB A 4000 69.55° 3.33

Values followed by the same letter are not significant at p<0.05 level according to Tukey’s test

Table 4: ANOVA result on the effect of age of donor plants, IBA treatments and their combination on rooting traits

Age of donor plants (A) IBA treatments (T) AxT
Parameters MSS p<0.05 p<0.01 MBS p<0.05<0.01 p<0.01 MSS p=<0.05 p<0.01
Rooting (%) 13958.53 - *x 8086.99 - ** 828.33 - *x
Rootsicutting 19.42 - *x 37.22 - ** 2.78 - *x

*Significance at p<0.01
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Fig. 1. Effect age of donor plant and IBA treatment on rooting percentage, Values are Mean+SE
of five replicates
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Fig. 2: Effect age of donor plant and IBA treatment on number of roots per cutting, Values are
Means5E of five replicates
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Fig. 3(a-d): The HPTLC fingerprinting profiles of anthraquinones in shoot cuttings of Tectona
grandis obtained from 1: 2-month, 2: 15-year and 2: 30-year-cld donor plants at (a)
Visible light (b) Under UV, (¢) Under UV,,, and (d) Visible light, after Derivatization
with anisaldehyde H,50,

Qualitative and quantitative changes in anthraquinones: The HPTLC fingerprinting profile
of AQs in shoots obtained from Z-month, 15- and 30-year-old plants are shown in Table 5 and
Fig. 3. Based on a comparison of Rf values of different spots, eleven different compounds belonging
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to the group AQ could be distinguished in shoots of 2-month old plants. On the other hand, only
eight and four different compounds could be distinguished in shoots of 15- and 30-year-old plants,
respectively. Only one spot with an Rf value of 0.49 was common in shoots of 2-month and 15-year-
old plants. Under visible light without any chemical spraying, in 2-month-old plants five spots
appeared hght yellow, three yellow, two brown; and only one red color at 0.63 Rf in shoot extracts.
However, in case of 15- and 30-year-old plants shoot extracts, all spots appeared yellow in color.
When spots were observed under visible light after spraying with anisaldehyde H,50,the lower
most one spots from each type of donors appeared black in color, while all other spots appeared blue,
All spots appeared black in color when they were cbserved under UV light at 254 nm. The
difference between the spots in 2-month, 15- and 30-year-old plants shoot extracts was more
conspicuous when they were observed under UV light at 366 nm (Fig. 3). The percentage of
different compounds varied from 2.8 to 18.2% in shoot cuttings extracts derived from 2-month-old
donor plants, while the wvariations were 4.9 to 27.3% and 11.8 to 43.4% 1n those from 15- and
30-year-old donor plants, respectively (Table 5).

DISCUSSION

The present investigation showed that ARF declined with increasing age of donor plants. As
an evident, cuttings obtained from juvenile 2-month-old donor have shown the highest rooting
performances then their mature counterparts; and perhaps it was due to that is physiclogically
younger propagation material than those of mature donors. Similarly, numerous studies cuttings
from juvenile 2-month-cld donor plants rooting in higher percentages then their mature
counterparts, perhaps it was due to that is physiclogically younger propagation material than those
of mature donars. Similarly, numerous studies with several plant species have shown that ARF
decreases with increasing age of donor plants (Husen and Pal, 2006, 2007b; Osterc et al., 2009;
Husen, 2012). This decrease in ARF due to a decrease in required endogenous auxins content or
root promoters, accumulation of root inhibitors, decreased sensitivity of tissue to auxins with
maturity of donor plants andfor due to decreased rate of net photosynthesis and carbohydrate
metabolism (Hackett and Murray, 1993; Greenwood and Hutchison, 1993; Haissig and Davis, 1994;
Husen and Pal, 2006, 2007b; Husen, 2012),

IBA treatments improved ARF in both juvenile and mature cuttings of all age group of donor
plants. Enhanced rooting ability due to IBA application in teak and many other tree species have
been reported by several investigators (Husen and Pal, 2006, 2007a; Husen, 2008, 2012). However,
in the present studies, the promotive effect varied with IBA concentraticns. IBA 4000 mg L™
produced the best rooting percentage and number of roots/cutting and hence it was recommended
for mature and juvenile cuttings of teak.

The HPTLC fingerprinting profiles of AQs in shoot extracts obtained from various age groups
of donars showed that 2-month-old-donor has some chemical features of juvenile shoots associated
with enhanced rooting. Similarly, relationship between the contents of various secondary
metabolites including AQs and the maturity of trees has been reported by several investigators
(Haffner et al., 1991; Haissig and Davis, 1994; Schmitzer ef al., 2009; Husen, 2008b). Many others,
such as the differences in concentration and ratio of leaf polyamines have been suggested as
markers of maturity in Corvius avellana (Rey et al., 1994) and Bon (1988) detected a 16 kD
membrane-associated protein in shoot apices of juvenile Sequoiadendron giganteum, which was
absent in apices of mature trees. Further, a comparison of in vitro shoots derived from basal and
crown shoots of the same mature Castanea sativa tree revealed protein differences

227



Am. oJ. Plant Physiol., 7 (6): 220-231, 2012

{Amo-Marco ef al., 1993). Mellerowich ef al. (1995) reported that the dormant mature cambium
contained more extranuclear RNAs than the juvenile one in Larix laricina. A juvenility-specific
protein was also identified in  Prunws avium using antibodies (Hand ef al, 19986).
Fernandez-Lorenzo ef al. (1999) analyzed 24 polyphenols as potential markers for differentiating
juvenile and mature plant material in chestnut cultures and a juvenile-phase-dependant
accumulation of anthocyanin was observed in a number of woody perennials, including species of
Betula (Brand and Lineberger, 1992) and Malus (Noiton ef al., 1992). In addition to these, it was
reported that there were remarkable differences in AQs in coppice shoots cbtained from etiolated
and non-eticlated stock plants showed that etiolation restored some chemical features of juvenile
shoots associated with enhanced rooting (Husen, 2008b). Similarly, the present study showed that
AQs could be used as a reliable and specific marker of maturity and juvenility in teak.

In conclusion, the results presented in this investigation suggested that exogenous IBA
application could produce good rooting response even in case of mature donor plants of teak. IBA
4000 mg L™ was suggested for all age groups of donor plants. On the other hand, notable variation
in AQXs chemical features are observed in juvenile and mature shoot extracts and these changes
suggested that AQs could be used as a reliable marker for phase change in teak.
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