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Abstract

There was an apparent difference in tissue origin of adventitious roots in
stem cuttings collected from Dracaena and Cordyline. Dracaena was difficulty
rooting but Cordyline root quickly and easily when cuttings are taken from stock
plants. The reasons for this could be due to their anatomy. The difficult-to-root
cutting in Dracaena related to the presence of sclerenchyma ring between phloem
and cortex. So Dracaena cutting require the application of auxin that has effects
on the anatomical events that associated with the rooting process. The ease-to-
root cutting Cordyline occurs as a result of the presence of preformed initials
form within the cutting tissues that occurs readily on cutting without the need for
special treatments of root formation. Hence, it is necessary to use anatomical
study as indicator/markers of rooting ability.

The application of IBA at 1000ppm proved to be the most effective treat-
ment in stimulating adventitious root formation on Dracaena cutting; it recorded
72.7% rooting followed by IAA (45.7%), NAA (32.3%) and untreated one
(22.2%). However, these promoting substances resulting in approximate higher
rooting percentages in Cordyline cuttings; IBA (100%), NAA (97.4%), 1AA
(96.9%) and control (92.7%) than in Dracaena ones.

Apparently, it is important to study the anatomical structure of stem cut-
tings for commercial production and what growth substances suitable for each to
overcome the difficult-to-root problem.
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Introduction rize current knowledge associated
Dracaena  marginata, Lam. with the anatomical aspects of adven-
(family Agavaceae) and Cordy- titious root formation. A good exam-

lineterminalis, L. (family Liliaceae)
are favored as interior ornamental
plants. They are famous for having a
special kind of attraction for their
beautiful shapes with bright linear
leaves that established themselves
among the foliage plants are consid-
ered very important for commercial
production.

A little information is available
about the reasons of difficult or ease-
to-root cuttings in indoor plants. So
the aim of this study was to summa-

ple has been used as a difficult-to-
root (Dracaena marginata, Lam.) and
another easily-to-root  (Cordyline
terminalis, L.). Moreover, exogenous
auxin treatments such as IAA, IBA
and NAA cause considerable influ-
ences concerning overcome the diffi-
cult- to-root cuttings by stimulating
the initiation of adventitious roots and
inducing high rooting capacity;
Hartman et al (2002).

Relationship between anatomi-
cal structure of stem and rooting ca-
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pacity had been studied in a wide
range of plants. The location of origin
where adventitious roots originate in-
side the stem has been discussed by
plant anatomists. El-Nashar (2008)
stated that treating Jasminumsambac
and Pittosporum tobira cuttings with
IBA at 100 or 200 ppm stimulated the
initiation of roots and affected the
sclerenchymatous tissue making it
loose, thus the root initial can easily
emerge. Fouda et al. (2012) noticed
that narrow phloem tissue, cambial
zone and vascular rays beside badly
and slowly formation of the vascular
connection between the new roots
and the vascular tissues of the cut-
tings seemed to be mostly responsible
for difficult-to-root cuttings of lemon
verbena. Alavi et al. (2015) reported
that IBA had an essential role in
stimulation of cell division in pericy-
cle, reflecting on more rooting on
Rosmarinus officinalis cuttings. Lo-
dama et al. (2016) revealed that treat-
ing cuttings of Lobostemonfruticosus
with IBA auxin stimulated the root
initiation. They stated that the callus
tissue started to develop from the
vascular cambium close to the cut
end of the cutting. Parenchyma gaps
in the phloem fiber ring close to the
cut end of the cuttings was also ob-
served.
Materials and Methods

The experiment was carried out
at the Floriculture Farm, Faculty of
Agriculture, Assiut University for
two successive seasons (2012/13 and
2013/14) to investigate if the ana-
tomical structure of stem affect root
formation in Dracaena marginata,
Lam. as a difficult-to-root plantand
Cordyline terminalis, L. as an easy-
to-root cutting. Moreover, if the syn-
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thetic hormones can ease and stimu-
late rooting ability.

On mid-March of 2012 and
2013 seasons, leafless cuttings of 5-7
cm long were taken from intermedi-
ary woody portion of the branches
from one-year-old shoots of healthy
mature mother plants. All tested cut-
ting bases were humidified with hot
water (45 °C for 5 sec.) then thor-
oughly dipped for 10 sec. in the mix-
ture of talc powder + fungicide “Ri-
zolex™” as a basic treatment (con-
trol). The growth regulator of 1AA,
IBA or NAA was mixed individually
with the basic mixture to reach a con-
centration of 1000 ppm.

The experiment was placed un-
der saran house conditions (70%
shade) and ambient temperatures of
20-35°C treatments of each species
were separately arranged in a com-
plete randomized blocks design. Each
treatment (8 cuttings/ pot) replicated
four times. Cuttings of both species
were planted in 20 cm-diameter plas-
tic pots filled with peat moss + perlite
(1:2 v/v) and covered by tightly poly-
ethylene film to maintain high rela-
tive humidity (75-80%).

Twenty-five weeks after plant-
ing for Dracaena and 6 weeks for
Cordyline, different cutting treat-
ments were dug up, cleaned, and the
data were recorded on percentage of
rooted cuttings (which produced visi-
ble roots). Data were statistically
analyzed using Statistix 8.1 analytical
software and the means were
compared using a least significant
difference (L.S.D) test according to
Dowdy and Wearden (1983).

Anatomical structure of stem
segments of Dracaena and Cordyline
during rooting was investigated to:(1)
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determine if low rooting capacity is
related to anatomical features, (2) es-
tablish whether preformed root pri-
mordia are present or a site for pri-
mordium formation must be create-
dand (3) identify the cell tissues from
which the roots originate.

Stem segments of 1.5 cm long
of cutting bases (in rooting zone)
were fixed in formalin: alcohol: gla-
cial acetic acid (1:18:1 by volume)
using 70% (v/v) ethanol in water in
the fixative and for storage after a
minimum fixation of three days ac-
cording to Amissah et al. (2008).
Samples of cuttings were taken after
30, 60 and 90 days for Dracaena and
after 10, 20, 30 and 40 days from
propagation for Cordyline. Cuttings
washed then transverse sections cut
by sliding microtome with 6-9 mi-
cronthickness. The double stain of
safranin-light green was used by
clearing in xylol mounted in DPX ac-
cording to El-Nashar (2008). Trans-
verse sections were photographed us-
ing a five-megapixel camera attached
to an optical microscope under the
control of a computer. Selections of
transverse sections were based on
section quality and clarity of the re-
corded images. At the magnification
used (400x), the anatomical structures
were photomicrographed.

Results and Discussion
Rooting percentage:

It is clearly noticed that the

rooting ability of the untreated cut-

tings of Dracaena was very poor
(22.2% average of two seasons),
since it was greatly influenced by the
different root-promoting substances
(Table 1 and Fig.1). The high degree
of response to rooting was obtained
by IBA treatment (72.7% in average)
with significant increases compared
to IAAtreated cuttings (45.7%), NAA
treatment (32.3%) and control. These
results are in agreement with those
reported on Dracaena spp.; Hata et
al. (1994), Anit and Arquiza (1999),
Bargamento (1999) and Pushpamali
et al. (2004). They concluded that
IBA is superior among growth regu-
lators in stimulating the adventitious
root formation in Dracaena cuttings
showing higher rooting percentage
than other treatments. On contrary,
untreated cuttings of Cordyline
showed adverse trend as recorded
87.5 and 97.9% rooting in the first
and second seasons, respectively.
Applications of IAA, IBA and NAA
treatments  significantly increased
rooting percentage compared to con-
trol in the first season. Although the
growth regulators showed, mostly,
insignificant effect among them, IBA
was the most effective treatment re-
sulted in the maximum percentage of
rooting (100%) during both seasons.
These results are in conformity with
those reported by Rahdari et al
(2014) on Cordyline terminalis.

Table 1. Percentage of rooted cuttings in Dracaena marginata, Lam. and Cordyline
terminalis, L as affected by growth regulators during 2012 and 2013 seasons.

Dracaena marginata

Cordyline terminalis

Growth Regulators 2012/2013 20132014 2012/2013 20132014
Control 22.67 21.67 87.50 97.92
TAA 55.50 35.83 100.00 93.75
IBA 72.83 72.50 100.00 100.00
NAA 33.00 31.67 96.88 97.92
LSDy.0s 7.55 8.32 4.99 5.55
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The effects of auxins on rooting
and plant development have been dis-
cussed in several studies. Hartmann
et al. (2002) stated that auxin plays a
vital role in stimulating the adventi-
tious root formation on cuttings. Root
initials in cuttings are dependent upon
the native auxins in the plant plus an
auxin synergist together, these lead to
synthesis of ribonucleic acid which
involved in initiation of the root pri-
mordia. Other authors reported that
auxins control growth and develop-
ment in plants, including lateral root
initiation and root gravity response.
The exogenous application of auxins
increased initiation of lateral roots
and that lateral root development is
highly dependent upon auxin group
and auxin transport. The degree of
auxin activity depends on its struc-
tural peculiarities and configuration;
Chhun et al. (2003) and Stefanéi¢ et
al. (2005)

The processes of adventitious
root formation at the base of a cutting
may be divided into three stages: ini-
tiation, elongation of root initials, and
root growth and development; Hart-
mann ef al. (2002). Three growth
regulators (IAA, IBA and NAA) may
be applied to regulate and/or influ-
ence the rooting process in some
way: (a) hormones, which induce the
initial meristematic activity; Davis
and Haissig (1990) and stimulate the
elongation and development of roots
formed; Hartmann et al. (2002),
and(b) nutritional elements promote
growth of the new roots and protect-
ing agents such as biocides which en-
able the cuttings to resist attack by
pathogens during the entire rooting
period; Wiesman and Lavee (1995).

Anatomy of adventitious root for-
mation

In comparison, anatomical
structure of the stem cutting of Dra-
caena (Fig.2A) proved the presence
of some difficulties-to-root. During
the root primordium formation phase,
the first well-developed young root
meristems became visible, it i1s found
an obstacle in the form of a sheath of
sclerenchyma between the phloem
and cortex which defects the root
from its normally radial course. On
contrast, the ease-to-root cutting sec-
tion of Cordyline contains “pre-
formed primordia” (Fig.2B). As these
are initiated when plants are intact;
the early stages at least should not be
complicated by wound responses.
The rate of development of “pre-
formed primordia” is greatly acceler-
ated in cutting.

On the bases of anatomical stud-
ies, the processes of root formation at
the base of stem cutting are divided
into three stages; (a) the root initia-
tion, (b) the root primordium forma-
tion and (c) root growth and devel-
opment (root elongation and emer-
gence); Hartmann et al (2002). These
anatomical events were studied pre-
cisely on cutting bases of Dracaena
marginata response to the application
of some growth regulators and cut-
tings taken from different portions for
90 days after planting; Jura-
Morawiec (2015).

The important features in the
difficult-to-root cuttings which are
likely to inhibit the natural capacity
to initiate and develop root primordia
are the continuous sclerenchyma ring
between the phloem and cortex may
constitute an anatomical barrier to
emergence of adventitious roots.
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Dracaena marginata, Lam.:
Transverse sections of the rooting
zone of cutting of Dracaena revealed
that no detectable anatomical changes
were observed at the cutting base be-
ginning of the first 30 days after IBA
application, (Fig.3A) somewhat cal-
lus development in the rooting bench
was noticed in cortex. In general, the
rate of tissue swelling of callus on the
bases of IBA-treated cuttings became
noticeable on the 30™ day and subse-
quently grew rapidly in size. Micro-
scopic studies showed that meris-
tematic activity accompanied with
this swelling. These newly formed
cells proliferated mainly from vascu-
lar cambium and in part from phloem
and xylem parenchyma, the continu-
ous sclerenchyma ring between the
phloem and cortex is presence. After
30 days from propagation, the induc-
tion and activation which involves
cell division are observed. In the case
of primordia occurring in situ divi-
sion of the phloem, parenchyma,
cambium or recent derivatives of the
cambium were taken place. The mer-
istematic cells of initial root continu-
ously divide forming elongation al-
lowing it to penetrate through phloem
and sclerenchyma ring. For rooting
active proliferation of parenchyma
ray cells resulting in rupturing of the
continuity of the sclerenchymatic tis-
sue leaving small gaps in the scleren-
chyma sheath, where root primordial
grew down inside the fiber sheath and
emerged through the gaps to the base
of the cutting.

After 60 days from propagation,
proliferations in the secondary
phloem eventually superseded in ex-
tent those in the cortex (Fig.3B). The
extensive proliferation in the phloem
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was coincident with the eventual lo-
cation of root primordium, root initial
had formed within the proliferative
tissue at this location, in the secon-
dary phloem at some distance from
cambium. The root primordium had
developed acquiring a dome-shaped
apex with a differentiated root cap
and subsequently vascular differentia-
tion.

After 90 days from propagation,
differentiation of root primordium led
to the formation of somewhat spirally
oriented protuberance, this finger-like
protuberance at first had no connec-
tion with the main vascular system,
but still gave a rise to root initial con-
tinuous cell division, differentiation
and subsequent distal elongation of
this initial gave rise to root primor-
dium having complete vascular con-
nection with the main stem (Fig.3C).
Fully developed root primordium
grew and emerged outward crashed
the cells adjacent to the root cap and
forced its way between fiber strands,
displacing them laterally. The
emerged root had reached the outer
cortex, attended by progressive dif-
ferentiation of their vascular system.
The new root had emerged through
the ruptured sclerenchyma ring to
pass through split in the epidermis in
successful cutting.

By the time of root emergence
fully matured vascular connections
had been established between the
vascular system of the adventitious
roots and that of the cutting. Similar
observations were noted by Mahros et
al. (1994) on Melalaucaarmillaris,
El-Sallami and Mahros (2000) on
poinsettia, and El-Nashar (2008) on
Jasminumsambac. They found in
their studies that the poor rooting of
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difficult-to-root cuttings was related
to the presence of sclerenchyma ring
which acted as mechanical barriers
preventing the emergence of roots.
Studies of woody species that are dif-
ficult-to-root suggest that poor adven-
titious rooting ability may be associ-
ated with the presence of a ring of
sclerenchymatous tissue. Other ear-
lier studies declared the favourable
effects of IBA on cell division, cell
elongation and certain stages of dif-
ferentiation during adventitious root-
ing; Abdel-Kader et al. (2004) on Fi-
cusretusa, El-Nashar (2008) on Jas-
minumsambac and Alavi et al. (2015)
on Rosmarinus officinalis. Less
stimulated effective of IAA than IBA
on rooting was attributed to a few
root primordial actually formed in the
cutting and the sclerenchymatic
sheath without rupturing and less ac-
tivities of cambial cells. In the mean-
time, NAA is seen as inhibitor of ad-
ventitious root formation, even when
some positive effects have been ob-
served.

Several other physiological ef-
fects of IBA treatment have been re-
ported by some authors. Agull6-
Anton et al. (2011) demonstrated that
the stimulation of adventitious root
formation in cuttings by exogenous
IBA, when applied to the rooting
zone, increased sugar availability at
the site of root primordial develop-
ment, activates the sugar metabolism
that releases energy and provides car-
bon skeletons for the synthesis of
other essential compounds such as
proteins. Pop et al. (2011) discovered
that exogenous IBA applied to the
rooting zone increased the rate of
ethylene biosynthesis and stimulates
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an auxin-ethylene relation during root
development has been observed.

Nag et al. (2001) assumed that
rooting-phases have different auxin
requirements. There is always a tem-
porary increase in the endogenous
level of free IAA during the inductive
phase (corresponding to a minimal
level of peroxidase activity). The in-
ductive phase (initiation phase) char-
acterized by a decrease in IAA levels
to a minimum and high peroxidase
and oxidase activity. Stefanéi¢ et al.
(2007) emphasized that the IAA oxi-
dation at this stage of rooting (initia-
tion phase) seems to be related to
IBA response. Oxidation products of
IAA may promote root formation, es-
pecially when linked to the phenolic
compounds present. During the root
expressive phase, IAA 1is again
needed to promote the growth of
root’s initials.

Cordyline  terminalis, L.:
Transverse sections of the rooting
zone of IBA-treated cutting of Cordy-
line after 10 days from propagation
show the induction and activation
which involves cell divisions. In the
case of pre-formed root primodia are
present occurring in situ division of
the phloem parenchyma, cambium or
recent derivatives of the cambium
usually takes place (Fig.4A).

After 20 days from propagation,
divisions of the cells at the original
location of the primordial initials
were done. However, the initiation of
meristematic activity of developing
root meristem and the first differenti-
ating root prmordium with an organ-
ized meristem appear. Increase in cell
number and beginning of organiza-
tion. When the structure becomes or-
ganized, beginning at the root tip.
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Root primordium close to emergence
showing a tendency to form dome-
like structure (Fig.4B).

After 30 days from propagation,
further increases in complexity and
development into a root; root cap is
present, also root elongation and
complete differentiation of the root
vascular system of the root by time of
root emergence (Fig.4C).

After 40 days from propagation,
emerging a fully developed adventi-
tious root outward showing complete
differentiation of cells of the root
body containing the vascular system,
which continuous with that of the
stem. Root had reached the outer cor-
tex and emerged through a split in the
epidermis in successful cutting. It re-
veals morphological characteristics of
the complete roots (Fig.4D).

Although the addition of auxins
is not always essential for induction
of rooting on cutting, the application
of auxin reduces the time required to
obtain the maximum percentage of
rooting. Hunt et al. (2011) reported
that the application of exogenous
auxin is required to achieve rooting
and auxin may be more beneficial for
increasing rooting in difficult-to-root
rather than in easy-to-root cuttings.
Application of auxin, particularly
IBA, 1s one of the most effective in
enhancing the rooting. Cutting often
responds optimally to auxin applica-
tion during the differentiation phase
of adventitious root formation. Com-
pleted adventitious rooting results in
functional roots with the usual ana-
tomical characteristics. However,
specific anatomical changes during
rooting may differ markedly between
species and often between tissues of
the same species.
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Fig. 1. Percentage of rooted cuttings in Dracaena marginata, Lam. and Cordyline ter-
minalis, L as affected by growth regulators during 2012 and 2013 seasons

Fig.2: Transverse sections in the rooting zone of Dracaena marginata (A) after 30 days
from propagation. (B) Cordyline terminalis after 10 days from propagation
(400x). Callus (ca)- cortex (co)-sclerenchyma ring (sr)- Secondary phloem (ph)-
secondary xylem (x)- vascular cambium (c)- pith (pi)- root primordium initials
(rpi)- epidermis (ep)- ring of vessels.
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Fig.3: Transverse sections in the rooting zone of Dracaena marginata cutting response to
the application of 1000 ppm IBA after 30 days (a), 60 days (B) and 90 days (C) from
propagation. 400x.

Root primordium (rp)- parenchymatous gap (g)- procambium (pr), ground meristem
(gm) and root cap (rc)- elongated cells (ec)
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Fig. 4:Transverse sections of the rooting zone of Cordyline terminalis cutting re-
sponse to the application of 1000 ppm IBA after 10 (A), 20 (B), 30 (C) and

40 (D) days from propagation. 400x.
Root cap (rc)- phloem fibers (pf)- procambium (pr)-fiber bundles (fb)- root primo-

dium initials (rpi) — meristematic activity (ma).
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