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Abstract

Mastic tree (Pistacia lentiscus L. var. chia Duham.) is the unique species valued for gum mastic through the
centuries. The tree has been propagated by hardwood cuttings traditionally, but this method is quite difficult
because the cuttings are very recalcitrant to root. Rooting of leafy semi-hardwood cuttings seems to be the
most proper method to increase the nursery tree productivity. In mastic tree, similar to many other plant spe-
cies, rooting ability of cuttings was correlated with their own micro-anatomical structure. Our anatomical
observations showed that cortex in one-year-old cuttings was separated from phloem tissue by a continuous
sclerenchymatic ring. On the 7th day of rooting, cambial activity markedly increased at the proximal end of
cuttings. The occurrence of remarkable cellular changes at the rooting zone of cuttings coincided with the 15th
day of rooting. A new callus tissue, mostly originated from ray parenchyma cells, developed at the cambial
zone of cuttings. Development of callus tissue was more pronounced on the 22nd day. At this time, unorganised
xylem elements differentiated in callus tissue, and further accumulated as new trachery nests. The developing
callus tissue protruded from cutting base by pushing the sclerenchyma and cortex tissues on the 30th day. Cal-
lus xylem or induced tracheids developed into the callus tissue, forming a continuous, narrow strand, where
the new root primordium occurred at the endpoint of this structure concurrently. On the 45th day of rooting,
new adventitious roots appeared to elongate and about to move out from the callus tissue. Our observations
revealed that due to the quite different anatomical structure, mastic tree cuttings showed indirect rhizogenesis
and root primordia originated from basal callus tissue.
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INTRODUCTION gation methods such as air layering, budding/grafting
onto the Pistacia seedling rootstocks, and different in
vitro protocols were developed for clonal propagation
of mastic tree. But the methods used to date have draw-
backs and are open to discussion. For instance, limited

propagation material, nonstandard nursery tree, possi-

Mastic tree (Pistacia lentiscus var. chia Duham.)
is the main source of gum mastic. It is a small tree,
belonging to the Sumac family (Anacardiaceae) (Zo-
hary 1952). Today, mastic resin and mastic oil are the
products with high added value and are used in many

industrial applications (Paraschos et al. 2012, Pachi et
al. 2020). Also, mastic tree is highly resistant to water
stress and salinity. Therefore, it seems to be a good
landscaping choice in arid regions of the Mediterranean
basin as an ornamental plant (Cristiano et al. 2016,
Kostas et al. 2021). Mastic tree is a dioecious tree and
only male trees have been used through the centuries
because of their high-quality resin. So, traditionally
mastic tree had been propagated clonally by the hard-
wood cuttings (Isfendiyaroglu 2018, Kostas et al. 2021).
This method consists of collecting the thick branches
from mature trees and planting them in the field, which
is quite difficult and laborious. Some alternative propa-
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ble adverse scion/stock interactions besides, unknown
genetic stability and gender of new plantlets seemed
to be the main constrains of the above-mentioned
methods (Isfendiyaroglu 2018). Leafy cuttings from
mature trees of Pistacia species are considered very
difficult-to-root (Joley and Opitz 1971, Al Barazi and
Schwabe 1982, Dunn et al. 1996, Almehdi et al. 2002,
Tilkat et al. 2005). In leafy cuttings of the mastic tree
(P. lentiscus var. chia ), clonal differences, cutting col-
lection time, type, and concentration of applied auxin,
and rooting medium used are the determinant factors
on the in vivo adventitious rooting. Rooting percentage
ranging between 15-80% (varying among clones) was
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obtained from cuttings collected only in mid-winter
and treated with high IBA concentrations, and rooted
in pure perlite (Isfendiyaroglu 2003, Kostas et al. 2016,
2021). There have been attempts to correlate anatomy
of stem structure with the rooting ability of plant cut-
tings. Restriction of rooting could occur as a result
of obstruction by sclerenchyma bands, secretory and
resin canals, or large volumes of induced vascular tis-
sues occupying space in the sub-basal region, which
is thus unavailable for root primordium initiation
(Beakbeane 1969, Lovell and White 1986). Sclereids
occur in stem cuttings of difficult-to-root species such
as Olea europaea L. (Ciampi 1964), Hedera helix L.
(Girouard 1967), Ficus pumila L. (Davies et al. 1982),
Agathis australis D. Don (White and Lovell 1984),
and Quercus macrocarpa Michx. (Amissah et al.
2008), while easy-to-root types are characterized by a
discontinuity or fewer cell layers of this sclerenchyma
ring. A negative correlation between the percentage of
sclerification and rooting ability was observed in cut-
tings of Malus (Doud and Carlson 1977) and Quercus
macrocarpa Michx. (Amissah et al. 2008). In some
species, callus formation is a precursor of adventitious
root formation. Origin of adventitious roots, particularly
from external callus tissue, has been associated with
most difficult-to-root species (Lovell and White 1986).
The aim of this study was to predict the relationships
between stem structure and root formation in mastic
tree cuttings. For this reason, anatomical development
of adventitious roots in mature cuttings was examined
and discussed in this paper.

MATERIAL AND METHOD

In order to study the adventitious rooting at his-
tological and cellular level in mastic tree (Pistacia
lentiscus var. chia Duham.) cuttings, one-year old,
semi-hardwood, terminal leafy cuttings were col-
lected in mid-February. A mature male tree (more than
50 years old), which has been legally protected in Cesme
district of Izmir province, was used as stock plant. Leaf
morphology of this plant is identical with ‘Maroulitis’
clone which is predominant in old plantations (Kostas et
al. 2016, 2021). Cuttings with 3-4 leaves and 15-16 cm
in length were treated with 20 g 1" IBA (dissolved in
50% ethanol) as quick dip for 5 s and planted in coarse
perlite. Rooting was conducted in low tunnel misting
system with bottom heat (isfendiyaroglu 2003). On the
7,15, 22, 30, and 45th days after planting, 10 cuttings
were randomly taken from the rooting medium. Basal
portions about 5 cm of cuttings were cut and fixed in
FAA [formaldehyde 5% : acetic acid 5% ethanol 90%
(70%)] (Purvis et al. 1966). Cross, longitudinal and tan-
gential sections were taken from the proximal portions
about 1-1.5 cm of samples taken from the fixative. Cross
sections at 25 pum thickness were taken by a sliding
microtome (Leitz-Wetzlar). For freezing the samples,
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Polyetilenglycol 6000 (PEG) at 5% in water was used
as matrix. As for the longitudinal sections, samples were
directly embedded to the solid paraffine (Jensen 1962).
Sections were taken at about 25-30 pm thickness with
a sliding microtome. For microscopic study sections
were stained with safranine-fast green double staining
technique (Purvis et al. 1966). The cells stained with
dark-red or violet tones in double staining sections were
also researched, to test whether they comprised poly
phenolics or not. For this purpose, cross sections were
taken from the fresh material and they were treated
with para-dimethylaminocinnamaldehyde (p-DMASA)
reagent, which induces a dark-blue colour reaction
specific to tannins (Treutter 1989). Anatomical study
was performed with a light microscope (OLYMPUS
BX50) and documented with a digital camera system.

RESULTS AND DISCUSSION

Examination of the sections taken from the basal
portions of the cuttings showed periderm layer located
at the outermost. A continuous sclerenchymatic ring,
which was surrounding the vascular cylinder separated
the cortex from the phloem. The sclerenchyma layer,
which appeared as a continuous ring consisted of scle-
reids and fibres as formerly reported by Sawidis et al.
(2000). Circularly arranged resin ducts occurred at the
outermost of the phloem tissue. The resin ducts were
reported to be of schizogenous origin (Evert 2006) and
their inner walls coated with secretory cells (Sawidis
et al. 2000). The phloem was sporadically divided by
vascular rays. The vascular rays initiated as single-
celled (uniseriate) rows and expanded to the outer part
of phloem. Cambium and newly-formed xylem were
located at the inner side of the phloem tissue. The
old xylem consisted of trachea (xylem vessels) and
tracheids and contained primary rays. The pith tissue
of parenchymatic cells was at the centre of the stems.

In some places, sclereid layers up to 6-7 cells in
thickness were observed in the outer phloem (Fig. 1A).
In cross and longitudinal sections, staining of cells in
dark red and violet tones suggested they contained
tannins. Sections taken from unfixed fresh shoots kept
in the tannin reagent p-DMSA showed that many cells
of the pit tissue, vascular rays, sieve tubes, phloem
parenchyma, epithelial cells and cortex parenchyma re-
spectively, contained tannins (Fig. 1 A). Similar findings
were also reported by Sawidis et al. (2000) who detected
condensed phenolics in all tissues of the mastic tree.

On the 7th day following the cutting insertion,
cambial activity at the rooting zone had considerably
increased. The cambium, which was not so apparent at
the beginning, had divided rapidly and became a dis-
tinctive layer composed of 6-9 layers of cells (Fig. 1B).
In cuttings of Ficus pumila L. (Davies et al. 1982),
Griselinia littoralis Raoul (White and Lovell 1984),
Malus rootstocks (Zhou et al. 1992), and Betula pendula
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Fig. 1. A) Tannin containing cells with their dark colour reaction in cross section, B) Increased cambial activity in cross sec-
tion, C) Active cell divisions in cross section. D) New internal callus tissue and induced tracheid formation in longitudinal
section, E) Development of basal callus tissue in longitudinal section, F) Formation of tracheary nests in cross section, G) Root
primordium formation and development of tracheid clusters after 22 days as viewed in longitidunal section, H) Adventitious
root formation and development in basal callus tissue in longitudinal section.

Abbreviations: ar: adventitious root, ca: cambium, co: cortex, cs: callus, itr: induced tracheids, nl: necrotic layer, nxy: new
xylem, p: periderm, ph: phloem, rd: resin duct, rp: ray parenchyma, rpr: root primordium, sc: schlerenchyma, tr: tracheids, trc:
tracheid clusters, trn: tracheary nests, xy: xylem.
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Roth (Iliev et al. 2001), a distinctive increment was also
produced by cambial activity within the first 4-10 days
following cutting insertion. The newly-formed layers
of phloem consisted of undifferentiated cells. Similar
development on the 7th day in mastic tree cuttings
despite the high maturity of the stock plant where the
cuttings were collected from (Fig. 1B). Besides, in
some samples researched, a thin necrotic layer adjacent
to the cambium was observed. Previous studies have
shown that very high concentrations of IBA gave rise to
damage in basal portions of cuttings (Chong 1982, Al
Barazi and Schwabe 1982). Similarly, the necrotic layer
that we observed in mastic tree cuttings was probably
derived from the initial toxic effect of the very high
concentration (20 g 1) of IBA.

Significant anatomical changes at the rooting zone
of cuttings started on the 15th day after their insertion.
At this stage, phloem ray parenchyma cells expressed
a meristematic feature and divided into different direc-
tions. As a result, a new callus-like tissue consisted of
cells without apparent organization, developed at the
cambial zone. At the points where the cell divisions
were active, some cells became larger with remarkably
distinctive nuclei (Fig. 1C). This new internal callus
tissue, which originated from the phloem ray paren-
chyma at the cambial zone and developed outwards,
compressed the phloem toward the sclerenchyma layer
of the cortex. As a result, completely closed resin ducts
were observed. The observed events such as cell en-
largement, the distinction of nucleus and condensation
of cytoplasm monitored before the mitosis in phloem
ray parenchyma cells were indications of dedifferentia-
tion and remeristemation that represent the first stage
of rooting (Girouard 1967, Smith and Thorpe 1975,
Davies et al. 1982). Even in the aerial stems of Zingiber
officinale Roscoe, the root primordia regenerated from
the cells present in meristematic regions (Lincy and
Sasikumar 2010). In mastic tree, these cellular changes
may not directly result in primordium formation at
this stage. However, divisions in the cells of phloem
ray parenchyma indicated that meristematic activity
started from ray parenchyma in mastic tree cuttings,
as formerly observed in mature cuttings of Hedera
helix L. (Girouard 1967), Carya illinoensis K. Koch
(Brutsch et al. 1977), Ficus pumila L. (Davies et al.
1982), and Acacia baileyana F. Muell. (Schwarz et al.
1999). In some samples representing the further stages
of anatomical development, some parenchyma cells
in the callus tissue showed secondary wall thickness
and transformed to induced tracheids or callus xylem
(Cameron and Thompson 1969, Brutsch et al. 1977,
Kitin et al. 2005, Mitras et al. 2009). These structures
that differentiated in the callus, apart from the main
xylem, concurrently developed outward and downward
toward the cortex (Fig. 1D).

On the 22nd day of rooting, the basal callus tissue
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was more developed as it had pushed the phloem tissues
outwards (Fig. 1E). At the same time, the presence of
protrusions from the cambial zone toward the callus
tissue was remarkable. The terminal parts of these
protrusions were surrounded by meristematic cells and
they also comprised a lot of xylem elements therein.
In basal callus of cuttings taken from the mature plants
of Hedera helix L. (Girouard 1967) and Ficus pumila L.
(Davies et al. 1982), tracheary elements differentiating
by showing secondary wall thickness predicted the
places of root primordium formation. In the basal callus
tissue formed in mastic tree cuttings, xylem elements
differentiating from parenchymatic cells or induced
tracheids appeared adjacent to the cells of the callus
meristem as reported in Griselinia littoralis Raoul.
(White and Lovell 1984) and Malus domestica Borkh.
(MacKenzie et al. 1988). Consequently, the new xylem
elements that differentiated in the callus tissue formed
distinct treachery nests with elliptical shapes in the
cross sections (Fig. 1F). In cuttings of Pinus radiata
D. Don (Cameron and Thomson 1969), Pseudotsuga
menziesii (Mirb.) Franco (Bhella and Roberts 1975),
Carya illinoensis K. Koch (Brutsch et al. 1977), and
Betula pendula Roth (Illiev et al. 2001) root primordia
formed close to the tracheary nests in the basal callus
tissue. In mastic tree cuttings, the tracheary nests could
also indicate that root primordium formation will occur
at later stages.

The cross and longitudinal sections showed that
intense callus development had occurred at the basal
portion of cuttings on the 30th day of rooting. The
developing callus tissue completely pushed the scle-
renchyma and cortex layers outward and reached the
outer side of the base of the cuttings. At this stage, callus
xylem or induced tracheids were formed as continuous
and narrow clusters extending downwards and outwards
in the cuttings. The root primordia could be seen at the
points where the tracheid clusters reached the outer
sides of the cuttings (Fig. 1G). The tracheary nests
which were identified in the callus on the 22nd day of
rooting sustained their presence also on the 30th day
but did not show any development to the direction of
primordium formation. At this stage, tracheid clusters
that developed toward the primordium were concur-
rently developing to the adverse direction too and
about to contact with the original xylem was observed
(Fig. 1G). As a matter of fact, in Carya illinoensis K.
Koch cuttings the connection between root primordium
and main xylem was observed during the outgoing of
primordium from callus tissue by elongating (Brutsch
et al. 1977). In mastic tree cuttings the occurrence of
root primordium quite distant from the main xylem was
detected at this stage, as formerly reported in mature
cuttings of Hedera helix L. (Girouard 1967), Pinus
radiata D. Don (Cameron and Thomson 1969), Malus
domestica Borkh. (MacKenzie et al. 1988), and Prunus
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cerasifera Ehrh. (Skolidis et al. 1990). However, a
complete vascular connection couldn’t be established
yet. Nevertheless, the considerable approach of induced
vascular strands to the main xylem showed that after the
provision of a perfect vascular connection, elongation
of primordium and it is consequent runout from callus
tissue could occur, as formerly predicted in cuttings
of Pseudotsuga menziesii (Mirb.) Franco (Bhella and
Roberts 1975) and Pinus banksiana Lamb. (Montain
et al. 1983).

On the 45th day of rooting, adventitious roots
formed at the bottom of basal callus tissue, notably
elongated and ready to grow out of the stem. Besides,
induced tracheids or vascular strands developing toward
the primordium were in contact with this new tissue
(Fig. 1H).

Anatomical observations showed that stem structure
had not a direct inhibiting effect on adventitious root
formation in mature mastic tree cuttings. From this
point of view, root formation can also be controlled by
some physiological and biochemical factors, rather than
anatomical structure of stem.
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