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Abstract Cinnamomum heyneanum Nees and C. riparium
Gamble (family Lauraceae) are the two wild riparian
species of Cinnamomum endemic to Western Ghats of
Peninsular India. Overexploitation along with the lack of
efforts replenish the resources have urged the ex situ and
in situ conservation of these species. The objective of the
present study was to explore the possibility of vegetative
propagation through branch cuttings and juvenile epi-
cormic shoots in planting stock production of these species.
The effect of cutting type, time of collection, auxin type
and auxin concentration on adventitious rhizogenesis of
branch cuttings and epicormic shoots were studied. Results
indicated that all these factors significantly affected the
rooting efficacy of cuttings. The branch cuttings of C.
heyneanum recorded a maximum rooting of 69.0 + 2.0%
and that of C. riparium was 70.7 &= 7.4%. The highest
percentage of rooting was obtained in semi-hardwood
cuttings treated with IBA 7000 mg 1™ 'collected during
September-December. Meanwhile, the juvenile epicormic
shoots under best treatment combination could produce
rooting up to 94% in C. heyneanum and 93% in C. ripar-
ian. The highest sprouting and rooting were observed in the
epicormic shoots produced in the cuttings collected during

Significance Statement Vegetative propagation through branch
cuttings and juvenile epicormic shoots was standardized in
Cinnamomum heyneanum and C. riparium endemic to western ghats
which are facing extinction. Juvenile epicormic shoots produced
more than 90% rooting.
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January to April treated with 5000 mg 1-' IBA. The pre-
sent study reveals that both the Cinnamomum species are
amenable to macro-propagation and a better sprouting and
rooting response can be obtained by using juvenile epi-
cormic shoots compared to branch cuttings.
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Introduction

The genus Cinnamomum belongs to family Lauraceae
comprising of about 200-350 species, distributed mostly in
the tropical regions of South-east Asia. Most members of
this genus are evergreen trees, economically important as
the source of ‘Cinnamomum of commerce’. In India, genus
Cinnamomum is represented by 45 species, of which 22 are
occurring in Southern India and among that 16 are
remarkably endemic to Southern Western Ghats [1]. Cin-
namomum heyneanum and C. riparium are the wild ripar-
ian species with the IUCN status of vulnerable and Data
deficient, respectively. Cinnamomum oil in world trade is
obtained from C. zeylanicum, C. cassia and C. camphora
however; most of the wild relatives also yield volatile oil
on distillation, which can be utilized as the sources for
chemical isolates [2]. Due to unscientific and illicit har-
vesting, the natural populations of most of the Cinnamo-
mum species are now restricted to isolated pockets and also
suffering from poor regeneration indicated by the absence
of seedlings and young trees under the canopy of parent
trees hence they are in danger of extinction. The indis-
criminate bark extraction and regeneration problems arises
the immediate need for in situ and ex situ conservation of
these species.
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Cinnamomum heyneanum is a small tree of 5-7 m
height distributed in the riparian patches Vazhachal forests
in Kerala and Coorg region in Karnataka. Its leaves on
hydro—distillation yield natural safrole used in perfumery,
toiletries and also used as the precursor for the synthesis of
helicotropin. The oil from the plant possesses anti-bacte-
rial, carminative, and anti-fungal properties [3]. C. ripar-
ium also is a small tree reaching up to 7 m height growing
in evergreen forests used traditionally for wound healing,
fever, intestinal worms, headache, inflammations and
menstrual problems [4].

The seeds of both species have short viability and the
germination rate is less than 50%. Moreover, both species
are cross-pollinated hence, the clonal propagation is nec-
essary for producing uniform high yielding populations and
for propagating elite lines. The perusal of literature indi-
cated Cinnamomum species could be propagated through
cuttings and layering [5, 6]. Similarly, the use of juvenile
epicormic shoots induced on the cut branches is a potential
alternative to solve the problem with physiologically
matured cuttings, which fail to root on treatment with plant
growth regulators. In this process, branches are collected
and put into optimal environmental conditions for sprout
induction [7, 8] and the rooting is induced on the juvenile
shoots. Several studies have shown a significant variation
in rooting ability of a number of species in relation to
cutting type, time of collection, growth regulator treatment,
etc. [9]. Hence, the present study was carried out to to
standardize the root induction in the stem cuttings (soft-
wood, semi hardwood and hardwood cutting) of Cin-
namomum heyneanum Nees and C. riparium Gamble
during different seasons treated with three growth regula-
tors at different concentrations. The study also focuses on
the influence of the above said factors on the sprouting and
rooting attributes of the juvenile epicormic shoots pro-
duced in these species.

Material and Methods

The study was conducted during January 2015 to February
2016 in the mist propagation unit of Kerala Forest
Research Institute (KFRI) Campus, Peechi, Thrissur, Ker-
ala, India. Mist chamber was provided with intermittent
misting (30 s misting in every 10 min), temperature of
28 4+ 2 °C and humidity of 90-92%.

Preparation of Cutting
The branch cuttings of C. heyneanum were randomly col-
lected from mother plants located at Vazhachal Forest

Division of Thrissur district and those of C. riparium were
collected from Aaralam Wildlife Sanctuary, Kannur district
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of Western Ghats part of Kerala. Thrissur District falls in
the tropical zone. Moderate rainfall and humid atmosphere
are found for the major part of the year. The rainfall and
temperature pattern indicates that, the driest period extends
for nearly four months, which starts from December and
ends by March/April. Highest rainfall is obtained in the
months of June and July. The average temperature varied
from 23 to 31 °C. Relative humidity was always more than
60%. Kannur has a warm humid tropical climate with an
oppressive hot season from March to May, followed by the
South-West monsoon till September. October and
November form the post-monsoon or retreating monsoon
season, followed by the North-East monsoon which
extends till February. The annual average rainfall is
3438 mm and more than 80% of it occurs during the period
of South-West monsoon. The rainfall during July is very
heavy and the district receives 68% of the annual rainfall
during this season. The average humidity ranges from 60 to
100%. The collections were made during January—April
(Season I), May—August (Season II) and September—De-
cember (Season III). Leaves, auxiliary branches and tops of
the collected branches were trimmed carefully and trans-
ported to mist propagation unit of KFRI.

In order to avoid the transpiration loss, the cuttings were
immersed in water during transportation. The cuttings were
divided into softwood, semi hardwood and hardwood cut-
tings based on their physiological age. For propagation,
cuttings were made with sharp Secateurs to avoid splitting.
Hardwood, semi hardwood and softwood cuttings having a
length of 10-15 cm with 2 pairs of leaves intact were
prepared. In order to minimize the transpiration rate, the
leaf area was trimmed to half, retaining the apical bud
intact. Cuttings were immersed immediately in water to
avoid desiccation.

In order to develop the juvenile epicormic shoots from
the branches, second-order branches of 1 m length and
4-5 cm thickness were detached from approximately
5-year-old trees. Branches were placed in a vertical posi-
tion in direct contact with the artificial soil vermiculite in
mist chamber. The juvenile epicormic shoots were initiated
within three weeks after planting and the shoots were
detached carefully at 45 days after planting. Epicormic
shoot cuttings of length 10-12 cm were prepared with a
bevel cut on the base and a straight cut above the last apical
bud, keeping two leaves with half the original surface.

Growth Regulators Treatment

The epicormic shoots as well as softwood, semi hardwood
and hardwood cuttings were treated with different con-
centrations (0-8000 mg 17') of IBA (Indole 3 Butyric
Acid, make Merck), IAA (Indole 3 Acetic Acid, SRL) and
NAA (Naphthalene Acetic Acid, make SRL) prepared in
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talcum powder by quick dip method. To prevent fungal
attack, cuttings were treated with 0.2% aqueous solution of
Carbendazine for 30 min prior to auxin application. Dif-
ferent concentration of growth regulators were prepared by
mixing with talcum powder in Mikro-dismembrator (B.
BRAUN Mikrodismembrator_Il S1_E57).

After the initial trials, two experiments were simulta-
neously conducted in both species; first one with three
types of cuttings and second with the juvenile epicormic
shoots. The treated cuttings were inserted immediately to
the vermiculite filled in root trainers and kept inside the
mist chamber.

The sprouting and rooting characteristics of the cuttings
were assessed 45 days after planting. The observations on
sprouting included height and girth of new shoots and
number of leaves and branches whereas, that on rooting
included rooting per cent, total number of roots, average
length of roots and number of primary roots. There were
three replications per treatment combination and each
replication contained 50 cuttings. The experimental design
adopted was factorial Randomized Block Design.

Statistical Analysis

Rooting trial of both species was subjected to Uni-variate
analysis of variance (SPSS 17) for season of collection,
growth regulators and their concentration as independent
factors and sprouting and rooting attributes as dependent
variable. Two-way analysis of variance was carried out for
sprouting and rooting attributes of epicormic shoots with
season and concentration of IBA as the factors. Based on
the results of the ANOVA, the data were compared by
Duncan’s test (p < 0.05). As there was wide difference in
the locality and other parameters of two species, data for
two species were not compared and presented only in terms
of individual species.

Results and Discussion

The results of the study indicated that root induction was
possible in branch cuttings as well as epicormic shoots
(Tables 1, 2, 3, 4). The maximum rooting per cent achieved
in the semi hardwood cuttings of C. heyneanum was
69.0 £ 2.0% and that of C. riparium was 70.7 =+ 7.4% for
the cuttings collected during September—December indi-
cating that both the species are amenable to vegetative
propagation through branch cuttings. With regard to type of
cuttings, the softwood and hardwood cuttings were less
effective in propagation as they completely failed to initi-
ate rooting in all seasons. Even in the case of semi hard-
wood cuttings, rooting was not obtained during season II

(May—August). Among the different concentrations of
auxins tried, only the concentrations from 6000 to
8000 mg 17" could induce rooting in semi hardwood cut-
tings. Meanwhile, the juvenile epicormic shoots under best
treatment combination could produce rooting up to 94% in
C. heyneanum and 93% in C. riparium. In epicormic
shoots, the auxin specificity was higher and rooting was
observed only in two seasons that too with
4000-6000 mg 17" IBA.

Root induction in Branch Cuttings

Percentage rooting of C. heyneanum semi hardwood cut-
tings ranged from 2.3 £ 0.6 to 69.0 £ 2.0% and that of C.
riparium from 2.7 £ 0.6 to 70.7 £ 7.4%. Analysis of
variance revealed that the time of collection, type of auxin
and its concentration significantly influenced the sprouting
and rooting parameters of semi hardwood cuttings of C.
heyneanum and C. riparium (Tables 1, 2, 3, 4).

Main Effect of Season, Growth Regulator
and Concentration

Influence of the collection time on various sprouting and
rooting parameters of semi hardwood cuttings of both
species based on the estimated marginal means is given in
Fig. 1a, b. With some exceptions, the higher sprouting and
rooting characteristics were recorded during season III and
the rooting was completely absent during season II. How-
ever, the number of roots and length of roots were the
highest during season I.

With regard to type of auxin, the highest on sprouting
and rooting attributes in C. heyneanum and C. riparium
semi hardwood cuttings (Fig. 2a, b) were recorded on
treating with IBA. Higher rooting per cent, sprout height,
girth and number of leaves, number of roots and root length
was obtained on treating with IBA. The order of rooting
efficacy of growth regulators was IBA >IAA >
NAA > control.

The influence of different concentrations of auxins on
sprouting and rooting parameters of the both species is
depicted in Fig. 3a, b. Irrespective of different auxins used,
the highest sprouting and rooting attributes were obtained
at the concentration 7000 mg 17" (Fig. 3a, b).

Interaction Effect of Time of Collection, Growth
Regulator and Concentration

The variation in adventitious rhizogenesis of C. heyneanum
and C. riparium as influenced by the interaction effect of
time of collection, auxin and concentration is given in
Tables 1, 2. The rooting of C. heyneanum ranged from
23+£06 to 69.0=+2.0%. The best treatment
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Table 1 The sprouting and rooting attributes of Cinnamomum heyneanum semi hardwood cuttings as influenced by the time of collection, auxin

and concentration

Treatment combinations

Sprouting parameters

Rooting parameters

Season  Auxin Conc (mg Height Girth (cm) No. of Rooting per Root Root length No of primary
17h (cm) leaves cent number (cm) roots
Jan— IBA 6000 297 £32 0.3+ 001 443 +£42 270+ 1.7 39.7 £ 12° 93+ 1.0° 2.7 £ 0.6
April 7000 3574+ 2.1 0.15+0.01 520+ 4.6 487 +2.5¢ 437 £2.1¢ 144 4+ 0.6° 2.0+ 0.0
8000 30.0 £ 1.7 0.14 £0.00 40.0 + 1.0 23.0 £ 1.7° 347 +55° 11.1 £2.0° 20400
IAA 6000 3334+ 12 0154002 347 +40 128+ 1.0 320+ 1.7° 84 £ 1.0° 23 +06
7000 263 +£2.1 0144001 380+72 10.0+ 1.0° 340 £2.0° 7.8 £ 0.2 23 +06
8000 243 +£0.6 0.144 001 37.0+£53 97+ 12° 323+ 1.5° 7.4 £ 0.6° 3.0+ 0.0
NAA 6000 240 £20 0.154 001 383+25 108+ 1.3° 347 £ 1.5° 7.4 £ 0.6° 23 £0.6
7000 243 £2.1 0.14 4001 347 £40 103 +0.6° 327 £ 12° 6.9+ 0.5 20+ 0.0
8000 260+ 5.0 0.14+£0.02 380+72 83+06" 320+ 1.7° 6.8 £04° 20400
Control 0 147 £ 12 0.12+£0.02 21.0+£20 2.3+ 0.6° 18.7 £ 2.5 54+ 04" 20400
Sept— IBA 6000 31.1 £ 54 020+0.01 417+ 0.6 29.8 & 1.0 287 +2.5° 10.6 + 1.8° 23 +06
Dec 7000 433 £ 4.7 021 £0.02 563 £3.1 69.0 £ 2.0° 427 £35% 159 +2.5¢ 20£1.0
8000 333 +3.8 0.19+£000 417+ 12 348+ 1.0 327 +21° 83 +£0.8° 23 +£0.6
IAA 6000 277+ 0.6 0.15+0.01 39.7+6.7 19.0 £ 0.5° 31.7 £ 0.6° 8.1 =+ 0.9 2.7 £0.6
7000 253+ 1.2 0.14 £0.01 440+26 17.8 £0.6° 233 +6.0° 79 £ 0.3* 20+£0.0
8000 23.0+ 0.0 0.14 £0.02 33.0+2.6 185 £ 1.3° 21.7 £ 3.1* 6.8 £0.5* 23 £0.6
NAA 6000 237425 0154001 403+ 12 165+ 05> 223 £2.1* 7.1 £0.3° 2.0+ 0.0
7000 227+ 1.5 0.14 £0.02 360+20 168+ 0.8b° 263+ 67" 7.3 £02" 1.7 £ 0.6
8000 223406 0144001 41.0+£2.0 153 4 1.5™ 250 £ 6.1* 7.0 £ 0.3 23 +06
Control 0 159+£0.7 0.12+001 237+ 12 3.6=+05" 143 £ 0.6* 55 £ 0.6 2.7+ 0.6
p value NS NS NS *E *E *E NS

Values with same superscript with in a column are homogenous

NS not significant **significant at 1% level

combination, semi hardwood cuttings treated with IBA
7000 mg 1~ during September to December (season III)
recorded the highest sprouting and rooting attributes. This
combination could produce a rooting of 69.0 £ 2.0% with
sprouts of height 43.3 + 4.7 cm, girth 0.21 + 0.02 cm and
56.3 leaves. The lowest rooting was observed in semi
hardwood cuttings kept as control during January to April.
Analysis of variance revealed significant variation in
rooting per cent (p = 0.01), number of roots (p = 0.01) and
length of the root (p = 0.01) due to interaction effect of
season X auxin x concentration. Meanwhile, only the
individual effects were significant in the case of girth,
number of leaves.

The rooting of C. riparium cuttings ranged from
2.7 £ 0.6 to 70.7 £ 7.4%. Highest sprouting and rooting
(70.7 £ 7.4%), in C. riparium also was obtained in the
semi hardwood cuttings collected during season III treated
with IBA 7000 mg 17". The lowest rooting was observed in
semi hardwood cuttings kept as control during January to
April. There was significant variation in rooting per cent
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(p = 0.02), sprout height (p = 0.001), number of roots
(p = 0.05) and length of the root (p = 0.05) due to inter-
action effect of season vs. auxin vs. concentration.
Whereas, the individual effects and second-order interac-
tion effects among season, auxin and concentration were
significant in the case of girth of the sprouts and number of
leaves and primary roots (p = 0.05).

Results of the present study indicated that the rooting
can obtained under specific treatments only. With regard to
cutting type, stem or branch cuttings are grouped into
softwood, semi hardwood and hardwood based on their
physiological maturity [9]. The chronological age differ-
ences in cutting morphology between softwood, semi-
hardwood and hardwood is reported to affect the rooting
and sprout ability of stem cuttings in many species [10-12].
The literature indicated the differential rooting response of
these cuttings in propagation. Generally, the softwood and
semi hard wood cuttings are the most likely ones to
develop roots [11-13] than hardwood cuttings. In our
study, softwood cutting failed to initiate roots. Softwood
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Table 2 The sprouting and rooting attributes of Cinnamomum riparium semi hardwood cuttings as influenced by the time of collection, auxin

and concentration

Treatment combinations

Sprouting parameters

Rooting parameters

Season  Auxin Conc (mg Height (cm) Girth (ecm) No of Rooting per Root Root length No of primary
1h leaves cent number (cm) roots
Jan— IBA 6000 433 £15° 0.164+003 483 +£12 323 +£58 387425 99+21% 27 4 0.6
April 7000 493 £25% 019+ 001 627 £47 523 +47% 473 +£29% 144 £ 0.6° 2.0 £ 0.0
8000 317 £ 0.6° 0.14 £ 0.00 43.7 +£32 240+ 1.0° 367 4.5 11.1 +2.0° 2.0 £+ 0.0
IAA 6000 3334+ 1.2° 0.15+£0.02 370+ 26 137 £ 0.6  31.0 £ 0.0° 84 £ 1.0° 23406
7000 327 +£2.1° 0.14 £ 001 403 +51 113 +0.6° 350+ 1.0° 7.9 £ 0.3* 23406
8000 367 £45° 0154001 393+£29 107 +£06° 340 +2.0° 7.5 £ 0.6" 3.0 £00
NAA 6000 343 £0.6° 0154001 403 +£12 1204 1.0° 347 + 1.5 7.4 £ 0.6 23406
7000 347 4+ 1.5° 014 £0.01 400+ 1.7 13.0 £ 1.0° 3374+ 1.5° 7.1 £ 0.2° 20 +£00
8000 27.0 £ 53° 0.14 +£ 001 41.0+50 9.7 £ 0.6° 330+ 1.7° 6.9 £ 0.4° 2.0+ 0.0
Control 0 146 £12* 015+ 1.0 0.12 £ 0.02 2.7 £+ 0.6° 18.7 £ 25" 5.4 4 04° 2.0 £+ 0.0
Sept—-  IBA 6000 353 4+ 1.1° 022 £0.01 59.0+ 6.0 343 +21° 340+ 44° 113 +1.1° 23406
Dec 7000 548 +58% 0224001 697 +3.1 707 +7.4° 50.0 + 2.6% 17.0 + 2.0¢ 20+ 1.0
8000 497 +42° 019 £ 0.01 51.0 80 330+ 1.0° 397+ 68 85+ 09° 23406
IAA 6000 340 +£2.0° 0.14 £0.01 437+ 12 198+ 03"  33.04 1.0° 8.1 £ 0.9° 27 4 0.6
7000 350 +£2.6° 0.14 £ 001 483 +40 175435 293467 7.9 £0.3° 2.0+ 0.0
8000 377435 014 £0.02 427 £21 198+ 1.0° 237+ 46" 7.1 £0.8° 23406
NAA 6000 350+ 3.6° 0.15+£0.00 403+ 1.2 163+ 06> 240420 7.2 +£0.1° 2.0+ 0.0
7000 340 +3.6° 0.14 £0.02 403+ 12 167 +1.5° 263 +6.7° 7.3 £0.1° 1.7+ 0.6
8000 3234+ 42° 0.14 £ 001 41.0+20 143 +15° 253 4+58> 7.0+ 03" 23406
Control 0 19.0 £2.6a 0.12 +0.01 300+ 1.7 4.0+ 1.0° 143 £ 0.6* 5.5+ 0.6° 27406
p value *k NS NS *E *E *E NS

Values with same superscript with in a column are homogenous

NS not significant **significant

at 1% level

Table 3 The sprouting and rooting attributes of Cinnamomum heyneanum juvenile epicormic shoots as influenced by the time of collection and

different concentrations of IBA

Treatment Sprouting parameters Rooting parameters
Season  IBA conc. (mg1™") Height Girth (cm) No of leaves Rooting per Root Root length No of primary roots
(cm) cent number (cm)
Jan— 4000 323440 0.19+000 397+ 12 883 £2.1% 300+ 1.7 113+ 1.1 23 +06
April 5000 433+ 1.5 020=£001 52040 937+ 3.5¢ 447 £25 167 £ 2.1 23+ 0.6
6000 330 +£26 0.19+000 41.7+12 710+ 1.0 333+£23 97+£06 27+0.6
Control 00£00 00+00 00+£00 00=£0.0 0.0+ 0.0 0.0+ 0.0 0.0+ 0.0
Sept— 4000 320+ 43 0.19+001 397+ 12 877 £23° 300+ 1.7 113+£1.6 23£06
Dec 5000 423+ 15 0204001 520+40 933+ 3.1¢ 447 +£25 166 +19 23£0.6
6000 333423 0.19+000 41.7+ 12 697 £2.1° 333+23 95+£09 27£0.6
Control 00+00 00+£00 00£00 0.0=£00 0.0+ 0.0 0.0+ 0.0 0.0+ 0.0
p value NS NS NS o NS NS NS

Values with same superscript with in a column are homogenous

NS not significant **significant

at 1% level
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Table 4 The sprouting and rooting attributes of Cinnamomum riparium juvenile epicormic shoots as influenced by the time of collection and

different concentrations of IBA

Treatment Sprouting parameters Rooting parameters
Season  IBA conc. (mg1~") Height Girth (cm) No of leaves Rooting per Root Root length No of primary roots
(cm) cent number (cm)
Jan- 4000 323+40 0.19+£000 39.7 £ 12 88.7 £23° 300+ 1.7 113 +1.1 23£0.6
April 5000 443 +£23 020 £0.01 520+ 40 933 +£29° 447 +£25 167 £ 2.1 234+ 06
6000 327429 0194000 4.7+ 12 713+1.2° 333+23 97£06 2.7+ 0.6
Control 0.0+ 0.0 0.00+0.00 00+00 0.0%+0.0° 0.0 £ 0.0 0.0+ 0.0 20+ 0.0
Sept— 4000 346 +23 0.19+001 397+ 12 827 +3.2° 300+ 1.7 113 +£1.6 23 +06
Dec 5000 4477 £12 020+£0.01 520+4.0 910+ 1.7° 44725 166+19 23 +06
6000 3534+ 0.6 0.194000 41.7+12 757 +32° 333+£23 95+£09 27 £0.6
Control 0.0 +£0.0 0.00+0.00 00+00 0.0=+00 0.0+ 0.0 0.0+ 0.0 2.0£0.0
p value NS NS NS wE NS NS NS
Values with same superscript with in a column are homogenous
NS not significant ** significant at 1% level
A HSeason| [ Seasonlll B M Season |l mSeason Il
45 + b a
40 b
3(5) ] b aa a
25 -
20402
15 + aa
10
5 | aa I aa
0 ; ; ; ; ; —
X Q ] < Q X
&e‘\ &\Q@ & \éb& éoz ‘(\\é(\ *«00
%Qz Q’\s{? \8? é\ (\Q (\O} &’é
o"“\o & G & o8 &\e &
Q\O <&~° oo
&

Fig. 1 Influence of time of collection on rooting and sprouting attributes of a Cinnamomum heyneanum and b C. riparium semi hardwood

cuttings

A H[BA mIAA NAA = Control

B H[BA mIAA NAA m Control

Fig. 2 Influence of type of auxin on the rooting and sprouting attributes of a Cinnamomum heyneanum, b C. riparium semi hardwood cuttings

cuttings are extremely perishable, stressed easily, desiccate
quickly, and therefore utmost care is required in root
induction and this might be the reason for the failure of
softwood cuttings. Some studies suggest that hardwood
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cuttings are the best in terms of rooting efficacy compared
to other type of cuttings [10, 14]. However, hardwood
cuttings are most often used in propagation of deciduous
woody plants [9] hence the rooting failure may be ascribed
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Fig. 3 Influence of different concentration of auxin on the rooting and sprouting attributes of a Cinnamomum heyneanum, b C. riparium semi

hardwood cuttings

to the evergreen nature of the species. It can be concluded
that species specific variations are obvious in rooting of
cuttings from juvenile to mature materials and physiolog-
ical age affects rooting of stem cuttings of both C. riparium
and C. heyneanum. With regard to time of collection, the
semi hardwood cuttings collected during September—De-
cember (season III) and epicormic shoots produced during
season I (January to April) recorded the highest sprouting
and rooting attributes. Time of collection, the period of the
year in which cuttings are taken, can play an important role
in rooting [15]. Cuttings of some plants root throughout the
year; while others are seasonal in their rooting response.
The environmental conditions like light, temperature,
humidity, rainfall during collection play a significant role
in root induction of cuttings [16, 17] which may be related
to endogenous plant growth regulator levels or carbohy-
drates [18]. The high carbohydrates concentration and C/N
ratio during the growing season coincided with the high
rooting percentage [19].

The application of auxin significantly improved rooting
traits compared to control and similar trend has been
reported in many plants that are capable of rooting from
stem cuttings. The enhancing effect of growth regulating
substances such as NAA, IBA, and chemicals such as boric
acid, coumarin. on rooting have been reported in earlier
works [20]. Among the auxins, IBA was proved to be most
efficient in adventitious rhizogenesis. Moreover, only the
IBA could initiate rooting in epicormic branches. IBA,
being an auxin, generally has distinct advantage over NAA
as it is slowly destroyed by the auxin destroying enzyme
linked system [21]. Likewise, Weaver [22] suggested that,
since IBA translocate poorly, it is retained near the site of
application and is therefore very effective. It is also
reported that auxins induce hydrolysis and mobilization of
nutritional factors to the site of application, thereby pro-
moting root initiation in the cuttings [23]. In the present
study, there was an increase in the rooting parameters with
increase in concentration of growth regulator. But after the

optimum concentration is reached the rooting was nega-
tively affected. The concentrations higher than the opti-
mum could harm roots formation because they cause
phyto-toxicity, with necrosis of the base or even of the
entire cutting as a consequence [24].

Root Induction in Juvenile Epicormic Shoots

Results of the study showed the superiority of juvenile
epicormic shoots in rooting efficacy compared to soft
wood, semi hardwood and hardwood cuttings. The treat-
ment combinations could not induce rooting during the first
season in both species and only the IBA was effective in
rooting of both species.

The C. heyneanum juvenile epicormic shoots rooted
profusely and could produce rooting up to 93.7 £ 3.5%.
Except in the control, more than 70% rooting was observed
in epicormic shoots subjected to treatment (Table 3). The
highest sprouting and rooting were observed during Jan-
uary—April (season I) in epicormic shoots treated with
5000 mg 1-' IBA. This treatment combination produced
the highest rooting per cent (93.7 & 3.5), largest number of
roots (44.7 £ 2.6), root length (16.7 £ 2.1 cm) and pri-
mary roots (2.3 £ 0.6). The cuttings kept as control failed
to root in all seasons. The analysis of variance did not
reveal significant differences in rooting per cent due to
interaction effect of season and IBA concentration. But the
individual effect of auxin concentration was significant
(p = 0.01) in all other sprouting and rooting parameters
except the number of primary roots.

In C. riparium, compared to branch cuttings, a higher
rooting was observed in epicormic shoots (0-93.3%).
Similar to C. heyneanum, more than 70% rooting was
observed in epicormic shoots treated with growth regula-
tors. The highest sprouting and rooting were observed
during season I in epicormic shoots treated with
5000 mg 1~' IBA. The best treatment combination could
produce the highest rooting per cent (93.3 & 2.9), largest
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number of roots (44.7 £ 2.5), longest root length
(16.7 £ 2.1 cm) and highest number of primary roots
(2.3 £ 0.6). The control cuttings failed to root in all sea-
sons. The analysis of variance revealed significant differ-
ences in rooting per cent due to interaction effect of season
and IBA concentration (p = 0.01). Whereas, only the
individual effect of auxin concentration was significant in
all other sprouting and rooting parameters (p = 0.01).

The juvenile epicormic shoots can be forced by cop-
picing or on branch segments and these are found to per-
form better in rooting response [8, 25]. The efficiency of
epicormic shoots in rooting was also obvious in the present
study and they could produce at least 70% rooting in all the
successful treatment combinations and specific treatment
combinations could produce more than 90% rooting.
Although, branch cuttings also could produce nearly 70%
rooting (semi hardwood cuttings), only specific treatment
combination could produce the highest rooting. Other than
superior treatment combinations, rooting of semi hardwood
cuttings of C. heyneanum ranged from 2.3 to 29.8 and that
of C. riparium from 2.7 to 34.3%. The season specific
variation was also obvious in the rooting of epicormic
shoots also. The growth regulator specificity also was more
in epicormic shoots compared to branch cuttings.

Conclusion

To conclude, the study indicated some encouraging trends
in macro-propagation of both species. Both branch cuttings
and epicormic shoots can be used for large-scale planting
stock production. The highest sprouting and rooting were
observed during January to April in epicormic shoots
treated with 5000 mg 17! IBA. Application of these results
may help to increase macro-propagation of both species
and thus may be used in quality planting stock production
to enhance the resource base.
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