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Abstract

The fig (Ficus carica L.), a crop of significant economic value, necessitates the development of innovative production
techniques. This study seeks to establish an optimized protocol for the clonal micropropagation of the ‘Sarilop’ cultivar under
in vitro conditions, focusing on determining the ideal medium compositions and environmental conditions (LED-lighting and
culture vessel type) to maximize shoot and root regeneration. Various experiments on micropropagation were conducted using
different nutrient media, plant growth regulators, and their combinations, as well as varying culture vessels and conditions.
The highest mean number of shoots per explant (1.23) was observed in DKW medium. An even higher shoot count per
explant (3.2) was recorded using DKW medium supplemented with 2 mg/LL BAP and 0.5 mg/L IBA. The greatest mean
shoot number occurred under white LED lighting in 265 mL glass jars and Magenta (2.33 and 2.30 respectively). The highest
mean leaf lenght was observed under white lighting in Magenta vessel as 0.89 cm. In subculture experiment, node explants
were subcultured four times at four-week intervals in 55 mL glass tubes, achieving the highest multiplication rate (3.27)
during the third subculture. Subsequently, rooted plantlets (53.33%) were acclimatized with a 70% success rate. Ultimately,
DKW medium was identified as the most suitable basal nutrient medium, with 2 mg/L. BAP and 0.5 mg/L IBA being the
optimal hormone combination for shoot propagation, and Magenta as the preferred culture vessel according to physiological
parametres. These findings facilitated the development of a protocol that supports commercial production.
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1 Introduction [1-3]. Ficus spp. has many different biological activities

such as antibacterial, antimicrobial, anticancer, antioxidant,

Ficus is a largest angiosperm genus belonging to the family
Moraceae, consisting of approximately 800 species and 2000
varieties, occurring mostly in tropical and subtropical forests
worldwide. More than 845 species of the genus Ficus, known
as figs, are plants with edible fruit and valuable wood, and
were frequently used in ancient Egypt during ancient times.
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anti-inflammatory and antidiabetic properties. In addition,
several pharmacological studies have been supported by the
ethnomedical uses of Ficus species due to their beneficial
activities [4—6]. Some of the most important species of Ficus
spp. are F. carica, F. bengalensis and F. religiosa are used
as medicines in traditional medicine to treat various diseases
[7,8].

Ficus carica Linn. is an irregularly branched tree or large
scattered shrub, growing up to 7-10 m high, deciduous every
year [9—12]. Common fig or Ficus carica L. is the most
popular Ficus species known for its outstanding commer-
cial importance [13]. Fresh and dried fruits of fig used for
cancer, ulcers, liver and spleen enlargement, its latex is used
in the treatment of ulcers and gout, and its leaves are used in
the treatment of cancer, tumors and dermatitis. The fruit of
F. carica has antiplatelet effect as well as shows spasmolytic
activity through activation of K*-ATP channels. Therefore, it
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is used in intestinal motility and inflammatory disorders [14].
As a result of archaeological evidence, fig which has been
claimed to have been cultivated for more than 11,000 years,
has been reported to be one of the oldest tree crops and medic-
inal plants used by humans [5, 15]. In addition, according to
the International Nut and Dried Fruit Council (INC), it is
stated that world dried fig consumption is over 161 thousand
tons and global dried fig export is 148,400 thousand tons
[16]. Besides, among the world countries, Turkey ranks at
the top in dried fig exports and meets 58% of world exports
[17].

Different production techniques can be used to develop
healthy and productive fig orchards. Traditional propaga-
tion methods used in fig propagation are seed propagation,
cutting propagation, layering and grafting. However, figs
grown from seed are not preferred due to their heterozygos-
ity and low vitality [18-23]. Trees propagated by methods
such as layering or root shoots are not preferred because
they tend to produce too many root shoots and the prob-
lem of cleaning these root shoots requires additional labor
[20]. In the propagation by cutting method, environmental
conditions significantly affect the success rate [22, 24]. In
addition to these, problems such as high frequency of insects
and diseases that damage the plant in orchards, rotting of
fruits during the rainy season, poor management of planting
areas and frost damage occur [25, 26]. Various abiotic and
biotic stress factors prevent the growth of the fruit, resulting
in a decrease in income and gradual cessation of planting
[27]. When all these conditions are evaluated, alternative
methods are needed instead of traditional production meth-
ods [28-31]. Plant tissue culture, which covers a significant
part of biotechnology, is an important factor in agricultural
systems to support many pharmaceutical and industrial prod-
ucts [32]. Plant tissue cultures are in vitro aseptic cultures of
plant cells, tissues, organs and components used in basic and
applied studies and commercial applications and are carried
out in solid or liquid media under defined physically and
chemically controlled conditions [33, 34].

The success of a plant tissue culture study mostly depends
on the selection of the right medium compositions [35]. Opti-
mum growth and development of plant tissues varies between
plants and depends on the nutritional requirements of the
plants. Therefore, the medium is selected according to the
type of plant to be cultured [36]. The most commonly used
medium composition for plant tissue culture is Murashige
and Skoog (MS) (1962) [37] or modifications of this formu-
lation [38]. MS is a “high salt” medium due to its content
of potassium and nitrogen salts. Gamborg (B5) (1968) [39]
is another medium composition containing macro and micro
elements, vitamins, potassium iodide and calcium chloride
commonly used in plant tissue culture [40]. Gamborg’s B5
medium, developed for callus culture of soybeans, contains
less nitrate and ammonium salts than MS medium. Although
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BS5 was originally developed for the purpose of obtaining
callus or for use in suspension culture, it also functions as a
basal medium for whole plant regeneration [41, 42]. Lloyd
and McCown (1980) [43] developed WPM media for use in
woody plants to counteract the salt sensitivity of some woody
species [42, 44]. However, the DKW (Driver and Kuniyuki
Walnut) medium developed by Driver and Kuniyuki (1984)
[45] has an ammonium:nitrate ratio similar to MS, but con-
tains less nitrogen and different salt sources than MS, this
causes an increase in sulfate dose. Thus, some woody plants
can benefit more from sulfate in this medium [46]. DKW,
which was originally used as a medium for shoot multipli-
cation and callus development in walnut plants, has a higher
total salt content. It also has much higher doses of sulfur (~
7x), calcium (~ 3x), and copper (~ 10x) than MS [40, 47].
Plant growth regulators (PGRs), is a term that encom-
passes naturally occurring hormonal compounds (phytohor-
mones) and their synthetic analogues and can be applied to
induce any physiological response in plants [48, 49]. PGRs
which can be active at very low doses in plant cells as biostim-
ulants and bioinhibitors, have the ability to regulate growth
and development [50]. PGRs are grouped under different
groups [51]. The most effective PGRs are, in particular, aux-
ins, cytokinins, and auxin-cytokinin interactions. However,
abscisic acid, ethylene, gibberellins and other hormone-like
synthetic compounds also have regulatory roles in culture
systems that should not be ignored. The most commonly
used auxins in plant tissue culture media are listed as
indole-3-acetic acid (IAA), indole-3-butyric acid (IBA), 2,4-
dichlorophenoxy-acetic acid (2,4-D) and naphthalene acetic
acid (NAA). IAA is the only auxin found naturally in plant
tissues. Auxins differ according to their physiological activ-
ities and the degree to which they are metabolized in tissue.
In plant tissue cultures, auxins are generally used in callus
production and stimulation of cell growth, induction of shoot
and root formation, as well as stimulation of somatic embryo-
genesis [52]. It is also known that auxins increase rooting
homogeneity and rooting percentage and capacity [53]. In
a study conducted on “Salti Kodari” fig variety, the num-
ber of shoots per explant was 4.2 in MS medium containing
0.4 mg/L BAP and 0.2 mg/L IBA [54]. In a study conducted
on Celeste variety, the number of shoots per explant was 5.83
in MS medium containing 2 mg/L. BAP and 0.2 mg/L IBA
[55]. The root formation-inducing ability of IBA is due to its
relatively high stability. It was also found that IBA present
in the medium was more stable than the cytokinin IAA after
the medium was exposed to high pressure and temperature
during autoclave sterilization. IBA also acts as a slow-release
hormone and its effects persist longer in the medium, thus
ensuring continued growth of roots [56]. In a study conducted
on “Sarilop clone 37” fig variety, the multiplication coef-
ficient was determined as 2.69 in MS medium containing
1 mg/L IBA and 1 GA3 and 5 mg/L BAP. In the study, it was
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determined that PGRs doses were effective on micropropa-
gation parameters. It was determined that when PGRs doses
were reduced, the multiplication coefficient decreased and
explant growth was negatively affected [57].

Cytokinins have a shoot proliferation promoting effect,
especially because they are a signal molecule that plays a
role in the division of meristematic cells. BAP, one of the
important cytokinins, triggers multiple shoot regenerations
by reducing apical dominance and promoting lethal shoot
proliferation. In addition, BAP has a more stable structure
than other cytokinins due to its slow metabolic rate [56]. In
two different studies carried out on fig plants with different
explant sources (root and axillary shoot tips) in MS medium,
the number of shoots per explant was determined to be 2.57
[58] when 1 mg/L. BAP was used, while it was determined
to be 1.67 when 2 mg/L BAP was used [56]. A study was
conducted on the effects of the medium on fig plants in “Sul-
tani”, “Aboudi” and “Conadria” varieties. In the study, the
longest shoots were 3.8 cm for “Aboudi” variety and 3.5 cm
for “Sultani” variety in MS medium containing 1 mg/L KIN
and 1 mg/L BAP. In all experiments, successful results were
obtained in KIN containing medium for all 3 varieties [59]. It
was thought that this was due to the difference between KIN
and BAP metabolisms. In addition, differences in endoge-
nous PGRs levels of plant cells may also cause different
responses to cytokines [60]. In another study conducted to
determine the effects of BAP and KIN cytokinins on multi-
ple shoot production in fig plant, explants were cultured in
MS medium containing 3.0 mg/L BAP, the highest number
of leaves per explant was recorded as 11.573, while in the
presence of 2 mg/L KIN, this value was 4.91. KIN showed
less stimulatory effect on shoot compared to BAP cytokinin.
The reason for this situation can be explained by the fact that
there are two double bonds in the BAP structure compared
to the single bond in the KIN molecule [61]. In the study
on “Brown Turkey” fig variety, the highest number of leaves
along with longer shoots was observed on BAP alone or the
combination of BAP and a lower dose of KIN (0.3 pM).
However, suboptimal KIN doses showed toxic effects and
the resulting shoots were short and did not form enlarged
leaves [62].

Light is a vital environmental factor that affects plant pho-
tosynthesis and photomorphogenesis. Various factors such as
light signals, spectral quality and intensity of light, and pho-
toperiod affect the regulation of plant physiology, growth and
other metabolic processes [63, 64]. In commercial micro-
propagation laboratories, the light source is one of the most
important factors controlling plant morphogenesis and the
metabolism of plant cell, tissue and organ cultures [65]. The
lighting systems initially used for in vitro plant growth were
fluorescent tubes, high-pressure sodium, metal halide and
incandescent lamps with wavelengths ranging from 400 to
700 nm. Among these, fluorescent light is the most popular

in plant tissue culture laboratories, consuming approximately
65% of total electricity [66]. However, fluorescent light,
which is of poor quality to support plant growth, consumes
high levels of energy and produces heat, so it should be
placed away from plants to avoid the effects of photo-stress.
In this respect, it is necessary to have an energy-efficient
light that can reduce costs and increase the production and
quality of tissue culture plants [67]. Light quality; affects
plant germination, flowering, stomatal regulation and other
developmental and biochemical processes, but plant species
respond differently to light quality. One way to improve
light quality for plant tissue culture is to use light emit-
ting diodes (LED) as light sources. LEDs are considered
the most economical and powerful light sources available for
this purpose due to their ease of installation and maintenance
[68]. LED lamps with different wavelengths (< 400 ultravi-
olet (UV); 400450 violet; 450-500 blue; 500-570 green;
570-590 yellow; 590-610 orange/amber; 610760 red; and
> 760 nm infrared color) can be used alone or in combination
to optimize photosynthesis. In the meantime, the selection of
appropriately colored LEDs containing phytochromes that
absorb red and far-red light and cryptochromes and pho-
totropins that absorb blue light from different photoreceptors
found in plants to enhance photosynthesis in in vitro con-
ditions should be taken into account [69]. The absorption
of the light spectrum varies depending on the plants. While
red light plays an important role in controlling stem, petiole
growth and reproductive system function, blue light regulates
plant growth, leaf expansion, photomorphogenesis, stomatal
opening, photosynthesis and pigment accumulation [70]. The
lighting condition of the culture environment should be deter-
mined before the plant to be studied is cultured. Because light
has different effects especially on plant regeneration [71].
The spectral energy distribution of RB LED light increases
the net photosynthesis rates of plants cultured under this light,
as the chlorophylls in the plant absorb the incoming light, and
it is generally accepted that it positively affects plant growth,
development and extension [72]. Plants growing in vitro and
ex vitro exhibit different photosynthetic photon flux density
or absorption capacities of light photons depending on the
availability of light and the photoreceptors present in plants
[73]. However, the morphological characteristics of plantlets
cultured in vitro under various light spectrums vary depend-
ing on both light quality and plant species [74]. Plants are
sensitive to wavelengths of light from UV (280—400 nm) to
far-red (700-800 nm). Plant responses to light begin with the
activation of pigments and photoreceptors (phytochromes)
that are sensitive to certain wavelengths of light. The wave-
lengths of blue (420-450 nm) and red (600—700 nm) light are
the most effective light spectrum regions for plant growth.
Lights at these wavelengths are absorbed by chlorophyll
a and b pigments, which initiate the photosynthetic pro-
cess in plants [75]. Thus, multiple molecular forms of these
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two light receptors; defined by different spectrophotomet-
ric, biochemical and physiological properties, therefore, the
corresponding genes in the plant are believed to respond
differently in response to environmental and physiological
signals [55]. Light quality also plays an important role in
photosynthesis and affects the absorption of light by chloro-
phyll [65]. In the study carried out on the “Black Jack” fig
variety, the highest shoot number (1.47) and leaf number (3)
were observed in white LED light, while the highest shoot
length value (1.20) was obtained in RB LED light [65, 72,
76]. It has also been reported that the use of RB LED ata 1:1
ratio promotes multiple shoot regeneration and 1.8 multiple
shoot numbers are obtained. In the study, it was determined
that morphologically healthier plants developed under RB
LED lights instead of blue and white LED lights. It has been
observed that the leaf color of cultures grown under RB LED
light is darker than the leaves of cultures grown under white
LED light [72].

LEDs deliver a targeted flow of photons towards cultures
in vitro. Thus, photochemical activities controlled by chloro-
phyll in plants are positively affected by the use of LEDs. In
addition, it has been observed that the type of culture vessel
and especially the type of closure used can have significant
effects on the physiology and development of plantlets [77].
The type of culture vessel and lid affects both the gas com-
position in the vessel and the quality of light penetrating into
the vessel [78]. Adequate ventilation of culture containers
used for micropropagation depends on the way the culture
container is closed. However, lids that allow gas exchange
prevent ethylene accumulation in the culture vessel and pro-
vide the CO» required for assimilation [79].

Tissue culture plantlets are traditionally grown in culture
vessels containing sterile medium containing essential nutri-
ents, carbohydrates, and growth regulators [80]. The vessels
are placed on horizontal shelves arranged in the culture room.
The growth of plantlets is affected by conditions such as the
amount, quality, distribution and air temperature of light in
the inner microclimate of the vessels. External conditions
and physical properties of culture vessels affect the internal
microclimate of culture vessels. The most important features
required for vessels are to provide homogeneous and suf-
ficient light quality, prevent microorganism contamination,
and allow gas exchange [81]. Glass materials normally used
in plant tissue culture (test tubes, glass vials, glass and plastic
petri dishes) are expensive and various containers are used at
different stages of micropropagation. However, pre-sterilized
disposable plastic petri dishes, glass bottles, and baby food
jars with polypropylene lids are quite affordable and have
been found to be a low-cost option [82]. Clear plastic vessels,
such as “Magenta”, resistant to autoclaving and washing,
are often used for micropropagation but are very expensive.
Additionally, repeated autoclaving of plastic vessels makes
them blurred and thus reduces the transmission of light [83].
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In the micropropagation study conducted on Musa spp. cv.
Grande naine banana variety, the effects of two types of illu-
mination (LED and fluorescent light) systems and two types
of temporary immersion systems (5-L glass culture vessel,
40-L polycarbonate plastic culture vessel) were examined.
The uniform distribution of white LED light from the top
of the glass culture vessel resulted in a higher propagation
rate for banana shoots than white fluorescent light. In addi-
tion, the wavelength range passing through the polycarbonate
culture vessel shows a 10% lower transmittance compared
to the wavelength passing through the glass bottle. There-
fore, choosing a polycarbonate plastic vessel as the culture
condition was thought to have a negative effect on banana
shoot formation [76]. In another study conducted on Vanilla
planifolia to determine the effects of different LED light
qualities on in vitro shoot reproduction, the highest number
of leaves was observed in plantlets grown under fluorescent
light (3.6) and white LED light (3.5) culture conditions. This
is because the chlorophyll content of in vitro plantlets grown
under different light qualities can be correlated with the plant
species or variety. Blue LED light plays an important role in
chlorophyll synthesis, but in the study, it was determined
that chlorophyll doses were higher in plantlets grown under
white and fluorescent LED light applications compared to
blue LED light [65].

Under in vitro studies carried out on different varieties
of the fig species Ficus carica L., in addition to shoot tips
[30, 57, 84-93], shoots [94], meristems [95], apical buds
[29], axillary buds [96-98], leaves [98, 99], nodal segments
[100-105], stem, roots and petioles [58] were also used as
explant sources. For this purpose, the use of MS [29, 90-92],
LS [94], WPM [96, 100] media containing different PGRs
types and doses was preferred. In vitro regeneration and
clonal micropropagation values had varied depending on the
various fig genotypes, media and composition, and culture
conditions used in the experiments. In the literature, there
is only one study on the effect of DKW medium on shoot
regeneration in fig plant. In this study, it was determined that
the number of axillary shoots increased up to 4-5 axillary
shoots as a result of subculture every three weeks by cultur-
ing the shoot tip and meristem tip explants in DKW medium
[106]. In a study carried out to determine the most suitable
hormone-free medium composition at different strengths for
in vitro propagation of “Purple Valinhos” variety, shoot tip
explants were cultured and the highest shoot percentages
obtained were at WPM media, 72% and 68%, respectively
[90]. DKW medium is generally known for its use in in vitro
propagation of elm, walnut, ash, hazelnut, olive and horn-
beam trees. In a study carried out to determine the effect
of medium on shoot regeneration in pear (Pyrus communis
L.), axillary shoot explants were cultured in four different
mediums and the highest number of leaves per node was
1.70 for the “Beurre Bosc” variety and 1.53 for the ‘Bartlett’
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variety when they were cultured on DKW media. The dif-
ferences between the media tested in the study cannot be
explained solely by the high level of total ionic strength,
which can inhibit the in vitro growth of woody plant species.
Because DKW medium gave superior results than MS and
WPM mediums for shoot regeneration and production of
quality leaf explants, even though it was 8% higher than the
total ion dose of MS. Although DKW contains extremely
low doses of Ni™, it is the only medium that contains almost
twice the Zn™ dose of the other three media. In addition,
the organics and vitamins contains are different from the MS
medium, which doesn’t contain pyridoxine—-HCl, but con-
tains two times nicotinic acid and 20 times thiamine-HCI.
This may have contributed to the positive preconditioning
effect of the DKW medium. Moreover, it was thought that
the yellowing observed in explants cultured in WPM medium
could be due to low nitrogen content and in this regard, it was
stated that both the number of leaves and shoot regeneration
were negatively affected [107]. In the study carried out on
“Sultany”, “Aboodi” and “White Adcy” fig varieties, explants
were subcultured 3 times and it was determined that the num-
ber of subcultures was an effective parameter. As the number
of subcultures increased, the number of shoot multiplications
increased significantly. In addition, it was determined that as
shoot elongation increased in parallel with the number of
subcultures, the number of leaves decreased. It was thought
that this may be due to the accumulation of the tested PGRs
in higher doses than the optimum doses required by the plant
for leaf, callus formation and shoot elongation. It has been
stated that the accumulation of more tested PGRs is needed
to increase the shoot multiplication coefficient [97].

Within the scope of this study, it was aimed to create the
best clonal micropropagation protocol based on shoot and
root regeneration that will produce a large number of plants
by optimizing various parameters under in vitro conditions
for the Ficus carica L. cv. Sarilop. For this purpose, exper-
iments of different basic media (MS, WPM, DKW and BS5)
that do not contain PGRs were carried out to determine the
appropriate media composition for clonal micropropagation
of node explants. After determining the appropriate basal
medium, different auxins (IBA and IAA) and cytokinins
(BAP and KIN) were added to the medium at various doses
(0.5, 1 and 2 mg/L) to observe organ regeneration potentials.
Then, the appropriate auxin and cytokinins were tested in
combination and the appropriate medium composition for
shoot propagation in the fig plant was decided. In order to
determine the appropriate culture vessel and lighting con-
ditions for regeneration, different culture vessel containing
the determined medium will be cultured under photoperiod
conditions (16 h day/8 h night) under LED lighting and 2:1
red-blue (RB) LED lighting.

2 Materials and Methods
2.1 Materials

In this study, single-node explants prepared by removing
leaves from the shoots of Ficus carica L. cv. Sarilop plantlets
taken from in vitro donor stocks available in the Plant Cell,
Tissue and Organ Culture Laboratory of Ege University Fac-
ulty of Engineering, Department of Bioengineering, were
used as material in all experiments (Fig. 1).

2.2 Methods

2.2.1 Determination of Basic Media For Clonal
Micropropagation

In this study, MS [37], WPM [43], DKW [45] and B5 [39]
media were used to determine composition of the appro-
priate medium and also combination at different doses of
various PGRs for clonal micropropagation (Table 1). Node
explants were cultured in hormone-free MS, WPM, DKW
and B5 media. After observations were made as a result of
30-day culture, the most suitable basic medium composition
was decided. Root regeneration was also examined. After
determining the best shoot propagation medium for shoot
regeneration, the obtained shoots were transferred to glass
tubes containing this medium and subcultured 4 times in 4-
week periods.

2.2.2 Effects of Auxins and Cytokinins on Shoot
Regeneration

In the study, experiments were carried out in media contain-
ing different auxins (IBA and IAA) and cytokinins (BAP
and KIN) in order to determine the effects of PGRs. DKW
medium determined in the first stage was used as the basic
medium and PGRs were added at different doses (0.5, 1 and
2 mg/L). After observations were made as a result of 30 days
of culture, the most appropriate auxin and cytokinin dose in
terms of shoot and root regeneration was decided. The same
doses of the determined auxins and cytokinins were com-
bined to determine the most suitable medium composition
(Table 2).

2.2.3 Effects of Culture Vessel and Culture Condition
on Shoot Regeneration

To determine the most suitable culture vessel for micropropa-
gation, Vitrovent, Magenta GA-7 vessels, 55 mL glass tubes,
glass jars of different volumes (170 mL, 300 mL and 265 mL)
were used as culture vessels (Fig. 2). The medium composi-
tion determined in the second stage of the study was used for
plant growth. Culture vessels maintained under photoperiod
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Fig. 1 In vitroFicus carica L. cv.
Sarilop plantlets a Donor stock
plantlets, b shoot material taken
from donor stock plantlets,

¢ single-node explants prepared
by removing leaves from the
shoot

Table 1 Basic media (mg/L)

used throughout all experiments® Compounds Doses of compounds in media (mg/L)

MS DKW WPM BS
Macrocompounds
KNO3 1900 - - 2500
K2SO4 - 1560 1700 -
NH4NO3 1650 1416 400 -
(NHy4)2SO04 - - - 134
NaH;PO4.H,O - - - 150
MgSOy4 - - - 250
MgS04.7H,0 370 740 370.1 -
CaCly.2H,0 440 147 96 150
Ca(NO3)2.4H,0 - 1960 471.26 -
KH,PO4 170 259 170 -
Microcompounds
MnSO4.H,O 16.9 335 223 10
KI 0.83 - - 0.75
H3BO3 6.2 4.8 6.2 3.0
ZnS04.7H,0 8.6 17 8.6 2.0
CuS04.5H,0 0.025 0.25 0.25 0.025
Na;Mo0O4.2H,0 0.25 0.39 0.25 0.25
CoCl,.6H,0 0.025 - - 0.025
FeS0O4.7H,0 27.8 334 27.9 27.8
Tritriplex (Nap.EDTA) 373 44.7 37.3 37.3
Organic compounds
Nicotinic acid 0.5 2.0 0.5 1.0
Pyridoxine-HC1 0.5 - 0,5 1.0
Thiamine-HCl 0.1 2.0 1.0 10
Myo-inositol 100 100 100 100
Other compounds
Glycine 2.0 2.0 2.0 -

430 g/L sucrose was added to all experiments and 3 g/L gelrite was used as a gelling agent (pH: 5.8). Glass
tubes were used as culture vessels and the experiments were allowed to grow at 24 + 2 °C, 16/8 h light/dark
photoperiod conditions and 4500 Ix light intensity with white LED illumination
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Table 2 The content of the shoot regeneration media in which the fig
plant was cultured®

Medium code Doses of PGRs (mg/L)

DS1 0.5 mg/L BAP

DS2 0.5 mg/L IBA

DS3 0.5 mg/L IAA

DS4 0.5 mg/L KIN

DS5 1 mg/L BAP

DS6 1 mg/L IBA

DS7 1 mg/L IAA

DS8 1 mg/L KIN

DS9 2 mg/L BAP

DS10 2 mg/L IBA

DS11 2 mg/L TAA

DS12 2 mg/L KIN

DS13 0.5 mg/L BAP + 0.5 mg/L IBA
DS14 1 mg/L BAP 4+ 0.5 mg/L IBA
DS15 2 mg/L BAP + 0.5 mg/L IBA

230 g/L sucrose was added to all experiments and 3 g/L gelrite was
used as a gelling agent (pH: 5.8). Glass tubes were used as culture
vessels and the experiments were allowed to grow at 24 £+ 2 °C, 16/8 h
light/dark photoperiod conditions and 4500 1x light intensity with white
LED illumination

(16 h light/8 h dark) at 24 &£ 2 °C under white light-LED
(4500 Ix) and 2:1 RB light-LED (600 Ix) illumination con-
ditions for 4 weeks. At the end of the four-week culture

Fig.2 Culture vessels used in the
study. a Vitrovent (12 x 11 x
9.5 cm), b 300 mL jar (8 x 6.5 x
10 cm), ¢ Tube (2 x 2 x

14.5 cm), d 265 mL jar (8 x 8 x
8.4 cm), e 170 mL jar (6.4 x 6.4
x 7.6 cm), f Magenta (7.4 x 7.4
X 9.6 cm)

period, different physiological changes in the plantlets will
be observed.

2.2.4 Acclimatization

In in vitro conditions, 20 rooted plantlets obtained from DS-
15 medium were selected and acclimatized under 4500 1x
white LED light. The roots of the fig shoots, which were care-
fully removed from 265 mL, 300 mL glass jars and Magenta
culture vessels, were washed with pure water to remove the
solidifying agent residues on them. The roots were carefully
placed between the rock (stone) wool, which was soaked
and softened with pure water, and then placed in plastic cups
with needle-pierced bottoms. They were placed in a styro-
foam box prepared as a mini greenhouse environment and
covered with stretch film. The transferred shoots were kept
under 16 h light/8 h dark photoperiod, 4500 Ix light intensity
and 24 £ 2 °C conditions. Astretch film was covered over the
box to ensure adaptation to ex vitro conditions; on the 2nd
day 5 min, on the 5th day 15 min, on the 10th day 25 min,
on the 18th day 45 min, on the 20th day 2 h, on the 19th day
it was increased to 5 h, and the plants were ventilated and
watered with some pure water. On the 20th day, the stretch
was completely removed and the plants were kept completely
open for 10 days in laboratory conditions. After the 30-day
acclimatization period, the shoots were transferred to pots
containing peat and survival rates (%) were observed after
4 weeks.
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Fig.3 Shoots regeneration in
hormone-free shoot propagation
media; a WPM, b DKW, ¢ MS,
d B5 (Bar: 0.5 cm)

2.2.5 Observation Parameters

Four weeks after culture; shoot regeneration percentage (%),
average number of shoots (number), average shoot length
(cm), average number of nodes (number), average number of
leaves (number), average leaf length (cm), rooting percent-
age (%), average number of roots (number), average root
length (cm), and multiplication coefficient and in addition
to all these, physiological properties such as hyperhydricity,
darkening, yellowing, necrosis were also examined as obser-
vation parameters.

2.2.6 Evaluation of Data

Allin vitro applications performed throughout the study were
handled in 3 replicates, with 10 explants in each experi-
ment, according to the randomized plot design. The data
obtained from the applications were evaluated with Minitab
17 (Minitab®, LLC, Pennsylvania, USA, 2015) Statistical
Software program and one-way and two-way ANOVA ana-
lyzes were performed using Tukey HSD and Fisher LSD
methods with a 95% confidence interval.

3 Results

3.1 Effect of Different Media on Clonal
Micropropagation

Node explants were cultured in glass tubes containing
hormone-free WPM, DKW, MS and B5-based media to eval-
uate shoot regeneration. Shoots provided from all media

@ Springer

Table 3 Some physiological parametres of culture

Media Mean number of  Mean number of  Mean leaf
shoots (number)  nodes (number) length (cm) +
+SE + SE SE

WPM 1.03 £ 0.03b 1.60 +0.112 0.69 + 0.07°

DKW 1.23 £0.072 1.62 + 0.042 1.27 £0.132

MS 1.00 £ 0.00° 1.23 £ 0.092b 0.95 + 0.0420

B5 1.03 £ 0.03b 1.17 + 0.09° 0.78 & 0.09°

p Value 0.01* 0.01* 0.009%**

*Significantat p <0.05 level, **Significant at p<0.01 level. SE Standard
Error
Different letters in the column show the level of signifcance

after 4 weeks of culture are shown in Fig. 3. The shoot
regeneration percentage (%) obtained from node explants
was achieved with 100% success in all media. It has been
observed that newly developed shoots arise from the bottom
parts of the explants and mostly 1 or 2 shoots are formed. In
all experiments, physiological problems especially hyperhy-
dricity, darkening, yellowing and necrosis, were not observed
in the plantlets produced. However, it was determined that
the leaves of some explants in BS medium turned yellow. As
a result of the variance analysis conducted based on the data
obtained from different media experiments, “mean number
of shoots” and “mean number of nodes” were found to be
significant according to statistical analysis (Table 3). When
the data is examined; the highest mean number of shoots per
explant (1.23) and the highest mean leaf length per explant
(1.27 cm) were obtained in DKW. When the highest mean
number of nodes per explant values were examined, the high-
est result was obtained as 1.32 in the DKW medium. Since
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Fig. 4 Elongation of shoots in
DKW media containing PGRs at
different doses; a—d DKW media
containing 0.5 mg/L BAP, IBA,
IAA and KIN resp., e-h DKW
media containing 1 mg/L BAP,
IBA, TAA and KIN resp.,

i-1 DKW media containing BAP,
IBA, TAA and KIN, resp., (Bar
0.5 cm)

the mean number of regenerated shoots reached the highest
rate in the DKW medium, it was decided to continue the next
stages of the study with this medium.

3.2 Effects of Auxin and Cytokinin Experiments
on Shoot Regeneration

In order to determine the effects of PGRs on shoot regen-
eration, node explants were subjected to shoot propagation
containing different ddoses of BAP, KIN, IBA and TAA (0.5,
1 and 2 mg/L), using DKW as the basal medium that were
cultured in glass tubes in medium (DS) (Table 2). As a
result of the observations made 4 weeks after the culture,
the elongation of regenerated shoots obtained from DKW
media containing PGRs at different doses is shown in Fig. 4.,
the mean values are shown in Table 4. The shoot regenera-
tion percentage (%) obtained from cultured node explants
was achieved with 100% success in all media. It was also
observed that the newly developed shoots emerged from the
bottom parts of the explants and mostly 1 or 2 shoots were
formed. As aresult of the statistical analysis performed, many
parameters were found to be statistically significant (Table 4).
Since the highest rate (2.67 number) was reached in the DS-9
(2 mg/L BAP) medium as the mean number of regenerated
shoots, it was decided to continue with the DKW medium
containing 2 mg/L BAP in the following stages of the study.
As the mean number of regenerated roots, the highest rate

(2.17 number) was reached in DS-2 (0.5 mg/L IBA), in the
following stages of the study, it was also decided to continue
with DKW medium containing 0.5 mg/L IBA as auxin.

3.3 Effects of PGRs Combination on Shoot
Regeneration

Node explants were examined using combinations of PGRs,
IBA (0.5 mg/L) and BAP (0.5, 1 and 2 mg/L) at different
doses, in which DKW was used as the basal medium to
evaluate its effect on shoot regeneration. As a result of the
observations made 4 weeks after culture, the mean values are
shown in Table 5. (Fig. 5.). The shoot regeneration percent-
age (%) obtained from cultured node explants was achieved
with 100% success in all media. The formation of multi-
ple shoots (3—-5 numbers) was achieved in DKW medium
containing 2 mg/L BAP and 0.5 mg/L IBA. As the mean
number of regenerated shoots, the highest rate (3.2 number)
was reached in DS-15 (2 mg/L BAP and 0.5 mg/L IBA)
medium. In the next stages of the study, it was decided to
continue with the DKW medium composition containing the
combination of 2 mg/L BAP and 0.5 mg/L IBA.

3.4 Effect of Culture Vessel and Culture Condition
on Shoot Regeneration

Node explants were cultured in DKW medium containing
a combination of 2 mg/L BAP and 0.5 mg/L IBA (DS-15),
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Table 5 Different parametres ere observed at different BAP doses

PGRs

Doses (mg/L)

BAP

0.5

Mean number
of shoot
(number) £
SE

Mean shoot
lenght (cm)
+ SE

Mean number
of nodes
(number) +
SE

Mean number
of leaves
(number) £
SE

Mean leaf
lenght (cm)
+ SE

Mean root
regeneration
percentage
(%) + SE

Mean root
number
(number) +
SE

Mean root

lenght (cm)
+ SE

2.54+0.36

1.43 £ 0.04

2.53 +0.10

273 £0.19

0.91 £0.03

40.00 &= 0.00

0.40 = 0.00

0.17 £ 0.03

2.5+ 0.06

1.27 £ 0.05

2.33 +0.04

6.10 £ 0.33

0.85 +0.00

36.37 £ 8.82

0.37 £ 0.09

0.14 +0.03

32+£0.11

1.01 £ 0.47

2.38 +£0.04

6.06 £0.11

0.84 £ 0.01

53.33 £3.33

0.53 £0.03

0.15 £ 0.02

SE Standard Error

in order to determine the effects of the culture vessel and
light condition on shoot regeneration. Vitrovent, Magenta
GA-7 vessels, 55 mL glass tubes, glass jars of different vol-
umes (170 mL, 300 mL and 265 mL) were used as culture
vessels (Fig. 6). In illuminating the cultures, 4500 1x white
LED light and 2:1 RB LED light (600 Ix) were tried. As a
result of the observations made 4 weeks after the culture, the
mean values are shown in Table 6 (Fig. 7). The shoot regen-
eration percentage (%) was achieved with 100% success in
all media. As a result of the study, although culture vessels
and light were found to be statistically effective parameters
separately, their interaction was also determined to be an
effective factor (Table 6). The highest mean number of shoot
(unit) was observed at white LED light, in Vitrovent and
265 mL jar (2.30 and 2.33 respectively). Additionally, the
highest mean number og node was achieved glass tube*RB
LED light experiment as 2.68 unit.

3.5 Effect of Number of Subcultures
on Multiplication Coefficient and Shoot
Regeneration

Node explants obtained from shoot regeneration experiments
were subcultured 4 times in DS-15 medium with 4-week
intervals and multiplication coefficients calculated (Fig. 7).
In all experiments, physiological problems such as hyperhy-
dricity, darkening, yellowing and necrosis were not observed
in the produced plantlets. As a result of all the data obtained,
it was shown that the number of subcultures was statistically
significant. The highest multiplication coefficient (3.27) was
obtained in the 3rd subculture. In addition, different phys-
iological parameters were examined in the study and these
values were found to be statistically significant. As a result of
the study, it was determined that the number of subcultures
was not only an effective factor on the root regeneration per-
centage (Table 7).

Fig.5 Elongation of regenerated shoots obtained from DKW media
containing combinations of 0.5 mg/L IBA and BAP at different doses
a—c Shoot lengths in combination of 0.5 mg/L BAP and 0.5 mg/L IBA,

d—f Shoot lengths in combination of 1 mg/L BAP and 0.5 mg/L IBA,
g-i 2 shoot lengths on combination of mg/L BAP and 0.5 mg/L IBA
(Bar 0.5 cm)

@ Springer
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Fig. 6 Regenerated shoots grown
in in different culture vessel and
light conditions; a—b In 265 mL
glass jars, under white LED light
and RB LED light, resp., c-d In
Vitrovent culture vessels, under
white LED light and RB LED
light, resp., e—f In magenta
culture vessels, under white LED
light and RB LED light, resp.
under RB LED light, g-h in

55 mL glass tubes under white
LED light and RB LED light,
resp., i—j in 300 mL glass jars
under white LED light and RB
LED light, resp., k-1in 170 mL
glass jars under white LED light
and RB LED light, resp. (Bar:
0.5 cm)

3.6 Acclimatization

Under 4500 1x white LED light and from the medium
coded DS-15 (2 mg/L BAP + 0.5 mg/L IBA), 20 rooted
plantlets were selected and acclimatized after 4 weeks. On
the 20th day, the stretch on the mini greenhouse was com-
pletely removed and the plants were kept completely open
for 10 days in laboratory conditions at a light intensity of
4500 Ix, a 16 h light/8 h dark photoperiod and a temperature
of 24 + 2 °C. At the end of 30 days, 14 shoots from pots con-
taining peat were successfully acclimatized. Acclimatization
success was recorded as 70% after 3 moths (Fig. 8). Damage
to plant roots during the acclimatization process due to their
very long and thin roots are factors that reduce acclimatiza-
tion success. In this study, it is thought that working with
plants with thicker and shorter roots will increase acclimati-
zation success.

4 Discussion

The most important factor affecting success in plant tissue
cultures is the determination of the appropriate basic medium
composition. In the study, experiments were carried out for
this purpose and as a result of the four-week culture period,

@ Springer

the highest mean number of shoots per explant (1.23 num-
ber), the highest mean number of leaves (2.7 number) and
leaf length (1.27 cm) values were obtained in DKW medium.
Therefore, it was decided to use DKW as the basal medium in
the remaining part of the study. In all nutrient medium exper-
iments in the study, 100% shoot regeneration was achieved
and it was determined that all new shoots were in the bottom
parts of the node explants. In other studies in the literature
[106], this situation was different and it was thought that the
reason for this difference could be genotype. A research con-
ducted by Das et al. (1998), histological studies have been
shown that shoot buds differentiate from cortical cells. It has
been understood that the pH of the regeneration medium has
a significant effect on the regeneration efficiency. In the study
carried out on Vigna mungo L. plant, it was determined that
newly developing shoot buds were formed away from the
base of the explant and were associated with the calluses on
the explants [108].

In the study conducted to determine the effects of various
PGRs at different doses on shoot regeneration, the highest
mean number of shoots (2.67 number) and the highest mean
number of leaves (8.20 number) per explant were those con-
taining 2 mg/L. BAP; the highest mean shoot length (1.48 cm)
and the highest mean number of nodes (2.56 numbers) con-
taining 2 mg/L KIN; the highest mean leaf length (1.07 cm)
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Multiplication
coefficient
= IV

Subculture number

Fig. 7 Multiplication coefficients obtained after 4 weeks of subculture
of node explants

was achieved in DKW medium containing 1.0 mg/L KIN. In
fig plant, increasing BAP and decreasing IBA doses when
used alone led to an increase in shoot regeneration, and
increasing KIN doses when used alone led to an increase in
shoot length. The results obtained are similar to the data in the
literature [58—60, 62]. The addition of low doses of cytokinins
or their combination with auxin to the medium isn’t thought
to promote the induction of fig shoots. BAP, an exogenous
hormone, its role in the micropropagation stage is to induce
the formation of shoot xylem tissue, which will facilitate the
conversion of water and nutrients by leading to shoot growth
[109]. In our study, shoot regeneration was achieved with a
100% success rate in all media of node explants cultured to
determine the effects of combinations of BAP and IBA at dif-
ferent doses on shoot regeneration. The highest mean number
of shoots per explant (3.2) was obtained with 2 mg/L BAP
and 0.5 mg/L IBA; the highest mean shoot length (1.43 cm)
and the highest mean number of nodes (2.53 number) were
obtained from 0.5 mg/L BAP and 0.5 mg/L IBA; the high-
est mean number of leaves (6.10 number) was reached in
DKW medium containing the combination of 1 mg/L BAP
and 0.5 mg/L IBA. For this reason, it was decided to continue
with DKW medium containing a combination of 2 mg/L
BAP and 0.5 IBA. In another study, it was stated that cul-
turing nodal explants of “Roxo de Valinhos” fig variety in
WPM medium containing higher than 2.0 mg/L. BAP dose
resulted in vitrified shoots with yellowed leaves [110]. It has
been stated that shoot and leaf development can be stimu-
lated if the ratio of cytokinin in the medium is higher than
auxin. Conversely, if the proportion of cytokinin used in the
medium is lower than the proportion of auxin, then stimu-
lation of root growth will result. It has been reported that
when the ratio of cytokinin and auxin combinations in the
medium is balanced, shoot, leaf and root growth will also be
balanced [72]. The data obtained in the study were similar to
the literature data [54, 55, 72].

In the current study, which was conducted to determine
the effects of different culture vessel types and LED light
conditions on shoot regeneration, node explants were cul-
tured in DKW medium containing a combination of 2 mg/L
BAP and 0.5 mg/L IBA. The highest mean number of shoots
per explant (2.33) was observed in the interaction between

@ Springer

a 265 mL glass jar culture vessel and 4500 Ix white light-
LED condition; the highest mean shoot length (1.57 cm)
was observed in the interaction between a 55 mL glass tube
culture vessel and 2:1 RB LED light (600 1x); the highest
mean number of leaves (4.96 number) was obtained in the
265 mL glass jar culture vessel and the highest mean leaf
length (0.89 cm) in interaction with the Magenta culture ves-
sel under 4500 1x white LED light condition. In our study
obtained better results than [111]. Although there are no stud-
ies on the effect of culture vessel and LED light condition
interaction on shoot regeneration and shoot length in Ficus
carica L., these studies conducted on different plant species
[65, 72, 76] have shown that the use of various LED light
conditions and culture vessel types can affect shoot regen-
eration, shoot length, its effect on the number and length of
leaves was similar to the data in this study.

In micropropagation of plants, rooting is considered a crit-
ical stage as it determines the survival of the plant during
acclimatization. In the current study, which was conducted
to evaluate the effect of different media on root regenera-
tion percentage, root number and length, node explants were
cultured in 4 different hormone-free media (WPM, DKW,
MS and BS5). As a result of the observations, the highest
root regeneration percentage (50%) and the highest mean
number of roots (0.57 number) per explant were obtained
in WPM and MS media, while the highest mean root length
(0.37 cm) was observed in MS medium. However, the high-
est rooting percentage per explant (80.83%), the highest
mean number of roots (2.17 number) and the highest mean
root length (0.63 cm) were achieved in DKW medium con-
taining 0.5 mg/L IBA. Borkehyli et al. [112] stated that in
micropropagation studies carried out on woody plants, media
containing lower doses of nitrogen and potassium salts such
as WPM increased the number of roots. The results obtained
in our study are consistent with [112], which stated that the
use of WPM and MS media increased the number and length
of roots. Studies were carried out on “Violette de Sollies”
fig variety in WPM media containing different doses of IBA,
and 6.8 root regeneration was observed in the addition of
3 mg/L IBA. However, the roots developed in two differ-
ent ways. These were thin, hairy aerial roots formed above
the medium and thick, brittle roots embedded in the medium
[56]. In this study, rooting occurred in a similar manner.

Repeated subcultures make it possible to obtain a more sta-
ble and homogeneous culture in micropropagation of many
woody plant species. The addition of PGRs to such stable
shoot propagation media can result in higher shoot multipli-
cation coefficients compared to previous subcultures [113].
In this study, in order to evaluate the effect of the number of
subcultures on the multiplication coefficient, node explants
obtained from shoot regeneration experiments were subcul-
tured 4 times in DS-15 medium. Shoot regeneration of the
cultured node explants was achieved with a 100% success
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Table 7 Observed parameters according to the number of subcultures

SN Mean shoot length Mean number of Mean number of Mean leaf length Mean number of Mean root length
(cm) = SE nodes (number) =  leaves (number) + (cm) + SE roots (number) & (cm) £ SE
SE SE SE
1 1.62 £0.112 1.55 £ 0.08°¢ 2.70 £ 0.15¢ 1.30 £ 0.10* 0.57 £ 0.09? 0.28 + 0.02?2
2 1.17 £0.03b 2.39 £ 0.052 6.06 £ 0.112 0.85+0.01° 0.53 £ 0.03* 0.15 & 0.02°
3 1.28 £ 0.07%° 2.06 + 0.08" 4.89 +0.19° 0.86 & 0.03° 0.41 £ 0.04% 0.21 £ 0.05%
4 1.24 +0.10% 2.30 + 0.07% 5.28 £ 0.25% 0.90 £ 0.04° 0.26 £ 0.02° 0.12 £0.01°
p Value:  0.02* 0.00%* 0.00%* 0.00%* 0.01* 0.01*

4Subculture number, *Significant at p < 0.05 level, **Significant at p < 0.01 level. SE Standard Error

Different letters in the column show the level of signifcance

Fig.8 Acclimatization a survivor
of the shoots in a mini
greenhouse environment, b roots
cleared of rock wool (indicated
by red arrow) before transfer to
soil (indicated by black arrows),
c—f shoots of fig plant ready to be
transferred to soil free of rock
wool

rate 4 weeks after culture in all media. The highest multipli-
cation coefficient (3.27) was obtained in the 3rd subculture.
In the 4th subculture, the multiplication coefficient decreased
again. In addition, in order to evaluate the effect of the num-
ber of subcultures on shoot length, number of nodes, number
and length of leaves, as a result of the data obtained from
the shoot regeneration experiments, the highest mean shoot
length per explant (1.62 cm) in the 1st subculture, the high-
est mean number of nodes per explant (2.39 number) in the
1st subculture, the highest mean number of leaves (6.06 num-
ber) was achieved in the 2nd subculture and the highest mean
leaf length (1.30 cm) was achieved in the 1st subculture. The
results we obtained in this study are consistent with [97].
As a result of culturing the node explants, no physio-
logical problems were observed in the produced plantlets,

especially hyperhydricity, darkening, yellowing and necro-
sis, in all experiments carried out during the study. However,
it was determined that the leaves of some shoots on BS
medium turned yellow. In a study conducted for in vitro
micropropagation of fig, the formation of small and hyper-
hydric buds was observed at a KIN dose of 2 mg/L. However,
in WPM medium containing 0.5 mg/L KIN, hyperhydricity-
free, rooted, longer shoots were obtained and the plantlets
were visually in better condition. However, after adding GA3
to the medium, the number of shoots decreased and hyper-
hydricity, yellowing, etiolation and apical necrosis were
induced in the plantlets [100]. In another study, small hyper-
hydric shoots with yellowed leaves as well as excessive callus
formation were detected when nodal explants of the “Roxo
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de Valinhos” cultivar were cultured in WPM medium con-
taining a BAP doses higher than 2.0 mg/L. Additionally, it
was determined that when GA3 was added to the medium,
excessive elongation was induced along with hyperhydric,
yellowed and burnt-tip shoots [113]. In another study, shoot
tip necrosis was observed in full and %2 MS media from nodal
bud explants cultured in different media in micropropagation
of the “Golden Orphan” variety. On the other hand, in studies
where full and Y2 WPM medium was used, small and hyper-
hydric shoots were obtained and it was determined that the
leaves aged rapidly [113]. In our study, better results were
obtained than these studies in terms of the effect of physio-
logical parameters on plantlets.

In order to evaluate the effect of DKW medium containing
2 mg/L BAP and 0.5 mg/L IBA on the acclimatization success
of rooted shoots, data on the survival rate of shoots acclima-
tized in pots containing peat were observed 30 days after
the acclimatization process. As a result of the data obtained,
the rooted plantlets were acclimatized with a success rate
of 70%. In the literature, acclimatization success was 80%
for “Salti Kodari” variety [54], 90% for “Bursa Siyah1” vari-
ety [94] and 83.33% for “Golden Orphan™ variety [113].
When the rooted shoots obtained from the shoot tip and nodal
explants cultured for in vitro micropropagation of the F. car-
ica plant were kept in the greenhouse and then transferred to
pots containing sterile soil (peat and sand), 100% acclima-
tization success was achieved [31]. The data we obtained in
our study are similar to these studies.

5 Conclusion

Ficus carica L. is one of the oldest traditional fruit trees,
which is considered sacred in the world and was brought into
culture when people settled. In addition to our country being
one of the important producers of fresh and dried figs in the
world, Aydin province is also the place where the "Sarilop"
variety, which has a large share in this trade, is produced the
most. Sarilop is a registered fig variety with superior dry-
ing properties that increases our contribution to production
and exports. Problems experienced in classical fig produc-
tion have led to the use of modern cultivation methods. This
study is the first successful in vitro clonal micropropagation
study of node explants of the Sarilop fig variety belonging to
the Ficus carica L. species, cultured in hormone-free DKW
medium and sprouting from the bottom. All the data obtained
in this study will lead to studies for the rapid, low-cost and
clonally mass propagation of the registered Sarilop variety
fig plant, which has superior quality and features, in a narrow
area. In light of the information obtained as a result of the
study, the appropriate basal medium (WPM) was determined
for micropropagation studies in fig plants, the appropriate
medium composition was decided for shoot multiplication

@ Springer

and root regeneration (2 mg/L BAP and 0.5 mg/L IBA) and
the use of Magenta was decided. These data can be said to
be a complete production protocol suitable for commercial-
ization.

In future studies, higher shoot and root regeneration val-
ues can be obtained with different plant growth regulators.
Since fig is a commercially important plant, its mass pro-
duction is very important. For this reason, there is a need
for the production of node explants with different tempo-
rary immersion systems for shoot multiplication. In addition,
studies on mass production can be carried out by producing
somatic embryos in different bioreactors (e.g. air-lift bioreac-
tors). Fig plants are also rich in secondary metabolite content.
For this purpose, different plant cell culture studies such as
the production of these valuable secondary metabolites by
elicitation can be carried out.

Funding Open access funding provided by the Scientific and Techno-
logical Research Council of Tiirkiye (TUBITAK). This research did not
receive any specific funding.

Data Availability The data that support this study will be shared upon
reasonable request to the corresponding author.

Declarations

Conflict of Interest The authors declare no conflicts of interest.

Open Access This article is licensed under a Creative Commons
Attribution 4.0 International License, which permits use, sharing, adap-
tation, distribution and reproduction in any medium or format, as
long as you give appropriate credit to the original author(s) and the
source, provide a link to the Creative Commons licence, and indi-
cate if changes were made. The images or other third party material
in this article are included in the article’s Creative Commons licence,
unless indicated otherwise in a credit line to the material. If material
is not included in the article’s Creative Commons licence and your
intended use is not permitted by statutory regulation or exceeds the
permitted use, you will need to obtain permission directly from the copy-
right holder. To view a copy of this licence, visit http://creativecomm
ons.org/licenses/by/4.0/.

References

1. Kaur, A.; Rana, A.C.; Tiwarii, V.; Sharma, R.; Kumar, S.: Review
on ethanomedicinal and pharmacological properties of Ficus reli-
giosa. J Appl Pharmaceut Sci 01(08), 06—-11 (2011)

2. Huang, Y.; Li, J.; Yang, Z.; An, W.; Xie, C.; Liu, S.; Zheng, X.:
Comprehensive analysis of complete chloroplast genome and phy-
logenetic aspects of ten Ficus species. BMC Plant Biol. 22(1),
1-15 (2022). https://doi.org/10.1186/512870-022-03643-4

3. Binnoubah, A.; Hamdy, R.; Ragab, O.G.; El-Taher, A.M.; El-
Yezied, A.A.; Safhi, F.A.; Elzilal, H.A.; Althobaiti, A.T.; Alsham-
rani, S.M.; El-Moneim, D.A.; El-Banhawy, A.: Anatomical and
molecular 1dentification of ornamental plant Ficus L. Species.
Phyton-Int J Exp Bot 92(5), 1329-1347 (2023). https://doi.org/
10.32604/phyton.2023.026888

4. Deepa, P; Sowndhararajan, K.; Kim, S.; Park, S.J.: A role of
Ficus species in the management of diabetes mellitus: a review. J


http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1186/s12870-022-03643-4
https://doi.org/10.32604/phyton.2023.026888

Arabian Journal for Science and Engineering

10.

11.

12.

13.

14.

15.

18.

19.

20.

21.

22.

Ethnopharmacol. 215, 210-232 (2018). https://doi.org/10.1016/j.
jep.2017.12.045

. Shi, Y.; Mon, AM.; Fu, Y.; Zhang, Y.; Wang, C.; Yang, X.; Wang,

Y.: The genus Ficus (Moraceae) used in diet: Its plant diversity,
distribution, traditional uses and ethnopharmacological impor-
tance. J Ethnopharmacol. 226, 185-196 (2018). https://doi.org/
10.1016/j.jep.2018.07.027

. Mudhafar, M.; Alsailawi, H.; Abdulrasool, M.; Jawad, R. K.M.;

Mays, A.: Mini-review of phytochemicals of ten Ficus species. Int
J Chem Res (2021) https://doi.org/10.22159/ijcr.2021v5i4.185

. Joseph, B.; Raj, S.J.: Phytopharmacological and phytochemical

properties of three Ficus species-an overview. Int J Pharma Bio
Sci. 1(4), 246-253 (2010)

. Walia, A.; Kumar, N.; Singh, R.; Kumar, H.; Kumar, V.; Kaushik,

R.; Kumar, A.P.: Bioactive compounds in Ficus fruits, their bioac-
tivities and associated health benefits: a review. J Food Qual
(2022). https://doi.org/10.1155/2022/6597092

. Caliskan, O.: Tiirkiye’de sofralik incir yetistiriciliginin mevcut

durumu ve gelecegi. Uludag Universitesi Ziraat Fakiiltesi Dergisi
26(2), 71-87 (2012)

Ali, B.; Mujeeb, M.; Aeri, V.; Mir, S.R.; Faiyazuddin, M.; Shakeel,
F.: Anti-inflammatory and antioxidant activity of Ficus carica
Linn. Leaves. Natur Prod Res 26(5), 460—465 (2012). https://doi.
org/10.1080/14786419.2010.488236

Hiwale, S.: Fig (Ficus carica). Sustainable Horticulture in Semi-
arid Dry Lands, Springer, 159-175 (2015).

Li, Z.; Yang, Y.; Liu, M.; Zhang, C.; Shao, J.; Hou, X.; Cui, Q.:
A comprehensive review on phytochemistry, bioactivities, tox-
icity studies, and clinical studies on Ficus carica Linn. leaves.
Biomed Pharmacother 37, 111393. (2021) https://doi.org/10.
1016/j.biopha.2021.111393

Murugesu, S.; Selamat, J.; Perumal, V.: Phytochemistry, pharma-
cological properties, and recent applications of Ficus benghalen-
sis and Ficus religiosa. Plants 10(12), 2749 (2021). https://doi.
org/10.3390/plants 10122749

Sirisha, N.; Sreenivasulu, M.; Sangeeta, K.; Chetty, C.M.: Antiox-
idant properties of Ficus species-A review. Int J Pharmtech Res
2(4),2174-2182 (2010)

Kislev, M.E.; Hartmann, A.; Bar-Yosef, O.: Early domesticated
fig in the Jordan Valley. Science 312(5778), 1372—-1374 (2006).
https://doi.org/10.1126/science.1125910

. Mutlu, D.: The evaluation of figs (Ficus carica L. Sarilop) growed

at different altitudes in terms of plant nutrition. Aydin Adnan
Menderes University, Graduate School of Agricultural Faculty of
Soil Science and Plant Nutrition Program Master Thesis (2022).

. Czaja, E.AR.; Moreira, R.R.; Rozwalka, L.C.; Figueiredo,

JLA.G; Mio, LLM.D.. Gray mold in immature fig
fruit:  pathogenicity and growth temperature. Ciéncia
Rural 46, 1524-1527 (2016). https://doi.org/10.1590/0103-
8478cr20151462

Boliani, A.C.; Ferreira, A.F.A.; Monteiro, L.N.H.; Silva,
M.S.A.C.D.; Rombola, A.D.: Advances in propagation of Ficus
carica L. Revista Brasileira de Fruticultura (2019) https://doi.org/
10.1590/0100-29452019026.

Polat, A.A.; Durgag, C.; Kamiloglu, O.: indol Biitirik Asidin
(IBA) incir ¢eliklerinin koklenmesi iizerine etkisi. Ziraat Fakiiltesi
Dergisi 5(1-2), 1-6 (2000)

Flaishman, M.A.; Rodov, V.; Stover, E.: The fig: botany, horti-
culture, and breeding. Horticultural Reviews 34, 113—-196 (2008)
https://doi.org/10.1002/9780470380147.ch2.

Ahmad, H.; Sténica, F.; Stanciu, V.: Cuttings propagation of some
fig genotypes (Ficus carica). Scientific Papers 62,241-244 (2018)
Arzhar, N.A.; Zainuddin, Z.: Tissue culture of Ficus carica variety
BTM-6. Malays. J Sustain Agric (MJSA) 4(1), 26-28 (2020).
https://doi.org/10.26480/mjsa.01.2020.26.28

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

. Dolgun, O.; Tekintas, F.E.: Effective use of vegetative material

in fig (Ficus carica L.) nursery plant production. African J Agric
Res 4(8), 701-706 (2009).

Mendoza-Castillo, V.M.; Pineda-Pineda, J.; Vargas-Canales,
J.M.; Hernandez-Arguello, E.: Nutrition of fig (Ficus car-
ica L.) under hydroponics and greenhouse conditions. J Plant
Nutrit 42(11-12), 1350-1365 (2019). https://doi.org/10.1080/
01904167.2019.1609510

Ammar, A.; Aissa, I.B.; Gouiaa, M.; Mars, M.: Fig (Ficus carica
L.) vulnerability to climate change: Combined effects of water
stress and high temperature on ecophysiological behaviour of dif-
ferent cultivars. South African J Botany 147, 482492 (2022)
https://doi.org/10.1016/j.sajb.2022.02.014

Ben-Temessek, M.; Talb, W.; Chrifa, H.; Fattouch, S.: Fig (Ficus
carica L.) production and yield. in fig (Ficus carica): Production,
processing and properties. pp. 259-282 (2023). Cham: Springer
International Publishing

Gaaliche, B.; Majdoub, A.; Trad, M.; Mars, M.: Assessment
of pollen viability, germination, and tube growth in eight
tunisian caprifig (Ficus carica L.) cultivars. International Schol-
arly Research Notices (ISRN Agronomy) 4 (2013). https://doi.
org/10.1155/2013/207434

Kumar, V.; Radha, A..; Kumar-Chitta, S.: In vitro plant regener-
ation of fig (Ficus carica L. cv. “Gular”) using apical buds from
mature trees. Plant Cell Reports 17, 717-720 (1998) https://doi.
org/10.1007/s002990050471

Darwesh, H.Y.; Bazaid, S.A.; Abu Samra, B.N.: In vitro propa-
gation method of Ficus carica at Taif governorate using tissue
culture technique. Int J Adv Res 2(6), 756-761 (2014)

Dessoky, E.D.S.; Attia, A.O.; Mohamed, E.A.A.: An efficient
protocol for in vitro propagation of fig (Ficus carica sp) and eval-
uation of genetic fidelity using RAPD and ISSR markers. J Appl
Biol Biotechnol 4(4), 057-063 (2016). https://doi.org/10.7324/
JABB.2016.40406

Twaij, B.M.; Jazar, Z.H.; Hasan, M.: Trends in the use of tissue
culture, applications and future aspects. Int J Plant Biol 11(1),
8385 (2020)

Thorpe, T.A.: History of plant tissue culture. Mol Biotechnol 37,
169-180 (2007). https://doi.org/10.1007/s12033-007-0031-3
Gaikwad, A.V.; Singh, S.K.; Gilhotra, R.: Plant tissue culture-
A review. J Pharmaceut Res Educ 2(1), 217-220 (2017)
ISSN:2456-4508

Chimdessa, E.: Composition and preparation of plant tissue cul-
ture medium. Tissue Culture Bioeng 3,120 (2020). https://doi.org/
10.29011/2688-6502.000020.

Trivedi, M.; Branton, A.; Trivedi, D.; Nayak, G.; Bairwa, K.;
Jana, S.: Physical, thermal, and spectroscopic characterization of
biofield energy treated Murashige and Skoog plant cell culture
media. Cell Biol 4(3), 50-57 (2015) https://doi.org/10.11648/j.
¢b.20150304.11

Murashige, T.; Skoog, F.: A revised medium for rapid growth and
bio assays with tobacco tissue cultures. Physiol Plant 15, 473-497
(1962)

Debergh, P.; De Riek, J.; Matthys, D.: Nutrient supply and growth
of plants in culture. Physiol Growth Dev Plants Culture 58—68
(1994).

Gamborg, O.L.; Miller, R.A.; Ojima, K.: Nutrient requirements of
suspension culture of soybean root cells. Exp Cell Res 50, 15-158
(1968)

Purwito, A.; Efendi, D.; Ermayanti, T.M.: Growth response of four
accessions of Moringa oleifera Linn shoots cultured on various
basic media. In IOP Conference Series Earth Environ Sci 741(1),
012054 (2021)

Greenway, M.B.; Phillips, I.C.; Lloyd, M.N.; Hubstenberger, J.F.;
Phillips, G.C.: A nutrient medium for diverse applications and
tissue growth of plant species in vitro. In Vitro Cellular Dev Biol

@ Springer


https://doi.org/10.1016/j.jep.2017.12.045
https://doi.org/10.1016/j.jep.2018.07.027
https://doi.org/10.22159/ijcr.2021v5i4.185
https://doi.org/10.1155/2022/6597092
https://doi.org/10.1080/14786419.2010.488236
https://doi.org/10.1016/j.biopha.2021.111393
https://doi.org/10.3390/plants10122749
https://doi.org/10.1126/science.1125910
https://doi.org/10.1590/0103-8478cr20151462
https://doi.org/10.1590/0100-29452019026
https://doi.org/10.1002/9780470380147.ch2
https://doi.org/10.26480/mjsa.01.2020.26.28
https://doi.org/10.1080/01904167.2019.1609510
https://doi.org/10.1016/j.sajb.2022.02.014
https://doi.org/10.1155/2013/207434
https://doi.org/10.1007/s002990050471
https://doi.org/10.7324/JABB.2016.40406
https://doi.org/10.1007/s12033-007-0031-3
https://doi.org/10.29011/2688-6502.000020
https://doi.org/10.11648/j.cb.20150304.11

Arabian Journal for Science and Engineering

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

S1.

52.

53.

54.

55.

56.

57.

58.

Plant 48, 403—410 (2012). https://doi.org/10.1007/s11627-012-
9452-1

Beyl, C.A.: Getting started with tissue culture—media prepara-
tion, sterile technique, and laboratory equipment. In Plant tissue
culture concepts and laboratory exercises, pp. 21-38 (2018)
Lloyd, G.; McCown, B.: Commercially-feasible micropropaga-
tion of mountain laurel, Kalmia latifolia, by use of shoot-tip
culture. Int Plant Propagators Soc 30, 421-427 (1980)
Nowakowska, K.; Pacholczak, A.; Tepper, W.: The effect of
selected growth regulators and culture media on regeneration of
Daphne mezereum L.*Alba’. Rendiconti Lincei. Scienze Fisiche
e Naturali 30, 197-205 (2019). https://doi.org/10.1007/s12210-
019-00777-w

Driver, J.A.; Kuniyuki, A.H.: In vitro propagation of Paradox wal-
nut rootstock. Hortic Sci 19, 507-509 (1984)

Phillips, G.C.; Garda, M.: Plant tissue culture media and practices:
an overview. In Vitro Cell Dev. Biol Plant Cell Dev Biol Plant 55,
242-257 (2019). https://doi.org/10.1007/s11627-019-09983-5
Page, S.R.G.; Monthony, A.S.; Jones, A.M.P.. DKW basal salts
improve micropropagation and callogenesis compared with MS
basal salts in multiple commercial cultivars of Cannabis sativa.
Botany 99(5), 269-279 (2021). https://doi.org/10.1101/2020.02.
07.939181

Prins, C.L.; Vieira, 1.].; Freitas, S.P.: Growth regulators and essen-
tial oil production. Braz J Plant Physiol 22,91-102 (2010). https://
doi.org/10.1590/S1677-04202010000200003

Hajam, M.A.; Hassan, G.1.; Bhat, T.A.; Bhat, I.A.; Rather, A.M.;
Parray, E.A.; Wani, M.A.; Khan, L.F.: Understanding plant growth
regulators, their interplay: For nursery establishment in fruits. Int
J Chem Stud 5(5), 905-910 (2017)

Pal, S.L.: Role of plant growth regulators in floriculture: an
overview. ] Pharmacognosy Phytochem 8(3), 789-796 (2019)
Algiil, B.E.; Tekintas, F.E.; Dalkili¢, G.G.: Bitki biiytime diizen-
leyicilerinin kullanimi ve i¢sel hormonlarin biyosentezini arttiric
uygulamalar. Adnan Menderes Universitesi Ziraat Fakiiltesi
Dergisi 13(2), 87-95 (2016) https://doi.org/10.25308/aduziraat.
294100

Saad, A.L.; Elshahed, A.M.: Plant Tissue Culture Media. In: “Re-
cent Advances in Plant In Vitro Culture” (Eds A Leva, LMR
Rinaldi) pp. 30-40 (2012) https://doi.org/10.5772/52760
Topacoglu, O.; Sevik, H.; Guney, K.; Unal, C.; Akkuzu, E.; Siva-
cioglu, A.: Effect of rooting hormones on the rooting capability
of Ficus benjamina L. cuttings. Sumarski list 140(1-2), 39-44
(2016).

Shatnawi, M.; Shibli, R.A.; Shahrour, W.G.; Al-Qudah, T.S.;
Taleb, A.Z.: Micropropagation and Conservation of Fig (Ficus
carica L.), J Adv Agric 10, 1669-1679 (2019) https://doi.org/10.
24297/jaa.v10i0.8160.

Chen, L.; Xue, X.; Yang, Y.; Chen, F.; Zhao, J.; Wang, X.; Khan,
A.T.; Hu, Y.: Effects of red and blue LEDs on in vitro growth
and microtuberization of potato single-node cuttings. FASE 5(2),
197-205 (2018) https://doi.org/10.15302/J-FASE-2018224
Ling, W.T.; Liew, F.C.; Lim, W.Y.; Subramaniam, S.; Chew, B.L.:
Shoot induction from axillary shoot tip explants of fig (Ficus car-
ica) cv. Japanese BTM 6. Tropical Life Sciences Research 29(2),
165-174 (2018) https://doi.org/10.21315/t1sr2018.29.2.11
Hepaksoy, S.; Aksoy, U.: Propagation of Ficus carica L. clones
by in vitro culture. Biol Plant 50 (3), 433-436 (2006) https://doi.
org/10.1007/s10535-006-0063-8

Patah, FK.A.; Hasbullah, N.A.; Idris, H.; Radzuan, N.S.: Micro-
propagation of Ficus carica L. through Tissue Culture System.
ASET-18, AACBMS-18, E2HS3-18 Pattaya (Thailand) (2018).
Ahmed-Amen, K.I.; Shaaban, M.M.; El-Azab, D.S.; Fathy, R.M.:
In vitro propagation of some fig (Ficus carica L.) cultivars. Int
J Acad Res 6(6), 382-389 (2014) https://doi.org/10.7813/2075-
4124.2014/6-6/A.53

@ Springer

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

El-Gedawey, H.L.; Abido, A.L; Gaber, M.K.: Impact of kinetin
and benzyladenine on growth performance of Croton in vitro.
Alexandria Sci Exchange J 41(3), 381-391 (2020) https://doi.org/
10.21608/asejaigjsae.2020.118280

Danial, G.H.; Ibrahim, D.A.; Brkat, S.A.; Khalil, B.M.: Multiple
shoots production from shoot tips of fig tree (Ficus carica L.)
and callus induction from leaf segments. IIPAST 20(1), 117-124
(2014)

Volo, P.; Preece, J.E.; Caruso, T.: The effect of explant cut and
cytokinin type on micropropagation of fig (Ficus carica L.)
’Brown Turkey’. In V International Symposium on Fig, 1173,
227-230 (2015)

Su, J.; Liu, B.; Liao, J.; Yang, Z.; Lin, C.; Oka, Y.: Coordination
of cryptochrome and phytochrome signals in the regulation of
plant light responses. Agronomy 7(1), 25 (2017). https://doi.org/
10.3390/agronomy7010025

Fan, C.; Manivannan, A.; Wei, H.: Light quality-mediated influ-
ence of morphogenesis in micropropagated horticultural crops: a
comprehensive overview. Biomed Res Int 1, 11 (2022). https://
doi.org/10.1155/2022/4615079

Bello-Bello, J.J.; Perez-Sato, J.A.; Cruz-Cruz, C.A.; Martinez-
Estrada, E.: Light-emitting diodes: Progress in Plant Microprop-
agation. INTECH 6(1), 93-103 (2017). https://doi.org/10.5772/
67913

Cavallaro, V.; Pellegrino, A.; Muleo, R.; Forgione, I.: Light and
plant growth regulators on in vitro proliferation. Plants 11(7), 844
(2022). https://doi.org/10.3390/plants11070844

Lotfi, M.: Effects of monochromatic red and blue light-emitting
diodes and phenyl acetic acid on in vitro mass production of
Pyrus communis ‘Arbi.” J Horticult Postharvest Res 5(2), 119-128
(2022)

He, C.; Zeng, Y.; Fu, Y.; Wu, J.; Liang, Q.: Light quality affects
the proliferation of in vitro cultured plantlets of Camellia oleifera
Huajin. Peer] 8, e10016—-e10114 (2020). https://doi.org/10.7717/
peerj.10016

Batista, D.S.; Felipe, S.H.S.; Silva, T.D.; de Castro, K.M.;
Mamedes-Rodrigues, T.C.; Miranda, N.A.; Rios-Rios, A.M.;
Faria, D.V.; Fortini, E.A.; Chagas, K.; Torres-Silva, G.; Xavier,
A.; Arencibia, A.D.; Otoni, W.C.: Light quality in plant tissue
culture: does it matter? In Vitro Cell Dev Biol Plant 54, 195-215
(2018). https://doi.org/10.1007/s11627-018-9902-5

Xu, Y.; Liang, Y.; Yang, M.: Effects of composite LED light on
root growth and antioxidant capacity of Cunninghamia lanceolata
tissue culture seedlings. Sci Rep 9(1), 9766 (2019). https://doi.org/
10.1038/s41598-019-46139-2

Babaoglu, M.; Giireli E.; Ozcan, S.: Bitki Biyoteknolojisi (2001)
Selcuk Universitesi Vakfi Yayinlart

Kim, S.J.; Hahn, E.J.; Heo, J.W.; Pack, K.Y.: Effects of LEDs on
net photosynthetic rate, growth and leaf stomata of chrysanthe-
mum plantlets in vitro. Sci. Hortic. 101(1-2), 143-151 (2004)
Parab, A.R.; Han, K.Y.; Chew, B.L.; Subramaniam, S.: Morpho-
genetic and physiological effects of LED spectra on the apical
buds of Ficus carica var. Black Jack. Scient Rep 11(1), 23628
(2021). https://doi.org/10.1038/s41598-021-03056-7

Pang, W.Q.; Tan, S.T.; Mad’Atari, M.E.; Yoong, I.C.K.; Sub-
ramaniam, S.: Establishment of an efficient micropropagation
protocol for Cameron Highlands White Strawberry (Fragaria
x ananassa) using light emitting diodes (LEDs) system. South
African J Botany 157, 189-200 (2023) https://doi.org/10.1016/j.
5ajb.2023.03.061

Nadalini, S.; Zucchi, P.; Andreotti, C.: Effects of blue and red LED
lights on soilless cultivated strawberry growth performances and
fruit quality. Eur J Hortic Sci 82(1), 12-20 (2017) https://doi.org/
10.17660/eJHS.2017/82.1.2

Wilken, D.; Jiménez-Gonzalez, E.; Gerth, A..; Gomez-Kosky, R.;
Schumann, A..; Claus, D.: Effect of immersion systems, lighting,


https://doi.org/10.1007/s11627-012-9452-1
https://doi.org/10.1007/s12210-019-00777-w
https://doi.org/10.1007/s11627-019-09983-5
https://doi.org/10.1101/2020.02.07.939181
https://doi.org/10.1590/S1677-04202010000200003
https://doi.org/10.25308/aduziraat.294100
https://doi.org/10.5772/52760
https://doi.org/10.24297/jaa.v10i0.8160
https://doi.org/10.15302/J-FASE-2018224
https://doi.org/10.21315/tlsr2018.29.2.11
https://doi.org/10.1007/s10535-006-0063-8
https://doi.org/10.7813/2075-4124.2014/6-6/A.53
https://doi.org/10.21608/asejaiqjsae.2020.118280
https://doi.org/10.3390/agronomy7010025
https://doi.org/10.1155/2022/4615079
https://doi.org/10.5772/67913
https://doi.org/10.3390/plants11070844
https://doi.org/10.7717/peerj.10016
https://doi.org/10.1007/s11627-018-9902-5
https://doi.org/10.1038/s41598-019-46139-2
https://doi.org/10.1038/s41598-021-03056-7
https://doi.org/10.1016/j.sajb.2023.03.061
https://doi.org/10.17660/eJHS.2017/82.1.2

Arabian Journal for Science and Engineering

76.

71.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

and TIS designs on biomass increase in micropropagating banana
(Musa spp. cv.’Grande naine” AAA). In Vitro Cell Dev Biol Plant
50, 582-589 (2014) https://doi.org/10.1007/s11627-014-9605-5
Buddendorf-Joosten, J.M.C.; Woltering, E.J.: Components of the
gaseous environment and their effects on plant growth and devel-
opment in vitro. Plant Growth Regul. 15, 1-16 (1994)

Kagar, Y.A.; Bicen, B.; Varol, I.; Mendi, Y.Y.; Serce, S.; Cetiner,
S.: Gelling agents and culture vessels affect in vitro multiplication
of banana plantlets. Genet Mol Res 9(1), 416-424 (2010). https://
doi.org/10.4238/vol9-1gmr744

Bayraktar, M.; Hayta, S.; Parlak, S.; Gurel, A.: Micropropagation
of centennial tertiary relict trees of Liquidambar orientalis Miller
through meristematic nodules produced by cultures of primor-
dial shoots. Trees 29, 999-1009 (2015). https://doi.org/10.1007/
s00468-015-1179-2

Lee, T.J.; Zobayed, S.M.A.; Firmani, F.; Parki, EJ.: A novel
automated transplanting system for plant tissue culture. Biosys
Eng 181, 63-72 (2019). https://doi.org/10.1016/j.biosystemseng.
2019.02.012

Huang, C.; Chen, C.: Physical properties of culture vessels for
plant tissue culture. Biosyst Eng 91(4), 501-511 (2005). https://
doi.org/10.1016/J.BIOSYSTEMSENG.2005.05.005

Naik, R.; Bhushan, A.; Gupta, R.K.; Walia, A.; Gaur, A.: Low cost
tissue culture technologies in vegetables: a review. Int ] Biochem
Res Rev 29(9), 66-78 (2020). https://doi.org/10.9734/IIBCRR/
2020/v29i930226

Prakash, S.; Hoque, M.L; Brinks, T.: Culture media and contain-
ers, Low cost options for tissue culture technology in developing
countries. pp. 29-40 (2004). FAO/IAEA Division of Nuclear
Techniques in Food and Agriculture, Vienna

Muriithi, L.M.; Rangan, T.S.; Waite, B.H.: In Vitro Propagation of
Fig through Shoot Tip Culture. HortScience, 17(1), 86—87 (1982)
Pontikis, C.A.; Melas, P.: Micropropagation of Ficus carica L.
HortScience 21(1), 153-153 (1986)

Nobre, J.; Romano, A.: In vitro cloning of Ficus carica L. adult
trees. In I International Symposium on Fig. 480, 161-164 (1997)
Hepaksoy, S.; Aksoy, U.: In vitro propagation of Ficus carica cv.
Sarilop clone selected for its high performance. In III International
Symposium on Fig. 798, 199-204 (2005)

Taha, R.A.; Mustafa, N.S.; Hassan, S.A.: Protocol for microprop-
agation of two Ficus carica cultivars. World J Agric Sci 9(5),
383-388 (2013)

Mustafa, N.S.; Rania A.; Taha, S.A.M.; Hassan, Nagwa.; Zaied,
S.M.: Effect of medium strength and carbon source on in vitro
shoot multiplication of two Ficus carica cultivars. J Appl Sci Res
9(4), 3068-3074 (2013)

Palu, E.G.; Krause, S.; Silva, L.; Hunhoff, V.L.; Dalbosco, E.:
Meios nutritivos no estabelecimento in vitro de figueira. Enci-
clopédia Biosfera 10(19), 1281 (2014)

Bayoudh, C.; Labidi, R.; Majdoub, A.; Mars, M.: In vitro propa-
gation of caprifig and female fig varieties (Ficus carica L.) from
shoot-tips. JAST 17, 1597-1608 (2015)

Shatnawi, M.; Shibli, R.A.; Shahrour, W.G.; Al-Qudah, T.S.;
Taleb, A.Z.: Micropropagation and Conservation of Fig (Ficus
carica L.). J Adv Agric 10, 1669-1679 (2019) https://doi.org/10.
24297/jaa.v10i0.8160

Ling, W.T.; Tan, L.V.; Khor, S.P.; Sriskanda, D.; Subramaniam,
S.; Chew, B.L.: Rapid In Vitro Propagation of Fig (Ficus carica
L.) “Violette de Sollies” Supported by Molecular and Microscopy
Analyses. Horticulturae 8(11), 1025 (2022) https://doi.org/10.
3390/horticulturae8111025

Demiralay, A.; Yal¢in-Mendi, Y.; Aka-Kacar, Y.; Cetiner, S.: In
vitro propagation of Ficus carica L. var. Bursa Siyahi through
meristem culture. In I Int Sympos Fig 480, 165-168 (1997)
Giinver, G.; Ertan, E.: A study on the propagation of figs by the
tissue culture techniques. In I Int Sympos Fig 480, 169-172 (1997)

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

107.

108.

109.

110.

111.

112.

113.

Brum, G.R.; Pasqual, M.; Silva, A.B.; Chalfun, N.N.J.: Sucrose,
culture media, and their interactions during in vitro proliferation
of ‘Roxo de Valinhos’ (Ficus carica L.), In II Int Sympos Fig 605,
131-135 (2001)

Mustafa, N.S.; Taha, R.A.: Influence of plant growth regulators
and subculturing on in vitro multiplication of some fig (Ficus
carica) cultivars. J Appl Sci Res 8(8), 40384044 (2012)
Dhage, S.; Chimote, V.; Pawar, B.; Kale, A.A.; Pawar, S.: Devel-
opment of an efficient in vitro regeneration protocol in fig (Ficus
carica L.). J Appl Hortic 17, 160-164 (2015).

Yakushiji, H.; Mase, N.; Sato, Y.: Adventitious bud formation and
plantlet regeneration from leaves of fig (Ficus carica L.). ] Hortic
Sci Biotech 78(6), 874-878 (2003)

Fraguas, C.B.; Pasqual, M.; Pereira, A.R.: Multiplicacao in vitro
de Ficus carica L.: efeito da cinetina e do 4cido giberélico. Cién-
cia e Agrotecnologia 28, 49-55 (2004) https://doi.org/10.1590/
S1413-70542004000100006

Ferreira, E.A.; Pasqual, M.: Ficus carica L. produced by micro-
propagation, In International Symposium on Biotechnology of
Temperate Fruit Crops and Tropical Species 738, 437-441 (2005).
Ferreira, E.A.; Pasqual, M.: Protocol optimization for micro-
propagation of 'Roxo de Valinhos’ fig tree. Ciéncia Rural 38,
1149-1153 (2008)

Kim, S.J.; Hahn, E.J.; Heo, J.W.; Paek, K.Y.: Effects of LEDs
on net photosynthetic rate, growth and leaf stomata of chrysan-
themum plantlets in vitro. Sci Hortic 101(1-2), 143—151 (2004).
https://doi.org/10.1016/j.scienta.2003.10.003

Shahcheraghi, S.T.; Shekafandeh, A.: Micropropagation of three
endemic and endangered fig (Ficus carica L.) genotypes. Adv
Hortic Sci 30(3), 129-134 (2016)

Azhar, N.A.; Zainuddin, Z.: Tissue culture of Ficus carica variety
BTM-6. (MJSA), 4(1), 26-28 (2020).

Chiumenti, M.; Campanale, A.; Bottalico, G.; Minafra, A.; De
Stradis, A.; Savino, V.; Martelli, G.P.: Sanitation trials for the
production of virus-free fig stocks. J Plant Pathol 655-658 (2013)
Bell, R.L.; Srinivasan, C.; Lomberk, D.: Effect of media on axil-
lary shoot proliferation and preconditioning for adventitious shoot
regeneration of pears. In Vitro Cell Dev Biol Plant Cell Dev Biol
Plant 45, 708-714 (2009). https://doi.org/10.1007/s11627-009-
9196-8

Das, D.K.; Prakash, N.S.; Bhalla-Sarin, N.: An efficient regener-
ation system of black gram (Vigna mungo L.) through organogen-
esis. Plant Science 134(2), 199-206 (1998)

Pratiwi, R.S.D.; Siregar, L.A.M.; Hanum, C.: The response of
several combination of plant growth regulators to shoot induction
of fig (Ficus carica L.) var. improved celeste. In IOP Conference
Series: Earth and Environmental Science 782(3), 032088 (2021).
Fraguas, C.B.; Pasqual, M.; Dutra, L.F.; Cazetta, J.O.: Microprop-
agation of fig (Ficus carica L.) ‘Roxo de Valinhos’ plants. In Vitro
Cell Dev Biol Plant 40, 471-474 (2004) https://doi.org/10.1079/
1VP2004562

Monney, M.A.D.; Amissa, N.; Blay, E.: Influence of BA and IBA
or NAA combinations on micropropagation of Cryptolepis san-
guinolenta. Am J Plant Sci 7(3), 572-580 (2016)

Borkheyli, M.; Miri, M.S.; Nabigol, A.: In vitro multiplication
and rooting of GF677 rootstock. J Hortic Postharvest Res 4(2),
243-252 (2021) https://doi.org/10.22077/jhpr.2020.3608.1157
Zhou, C.; Mattsson, J.: Development of micropropagation in
Bigleaf Maple (Acer macrophyllum). Horticulturae 7(7), 170
(2021). https://doi.org/10.3390/horticulturae7070170

Sriskanda, D.; Liew, Y.X.; Khor, S.P.; Merican, F.; Subramaniam,
S.; Chew, B.L.: An efficient micropropagation protocol for Ficus
carica cv. Golden Orphan suitable for mass propagation. Bio-
catal Agric Biotechnol 38, 102225 (2021) https://doi.org/10.1016/
j-bcab.2021.102225

@ Springer


https://doi.org/10.1007/s11627-014-9605-5
https://doi.org/10.4238/vol9-1gmr744
https://doi.org/10.1007/s00468-015-1179-2
https://doi.org/10.1016/j.biosystemseng.2019.02.012
https://doi.org/10.1016/J.BIOSYSTEMSENG.2005.05.005
https://doi.org/10.9734/IJBCRR/2020/v29i930226
https://doi.org/10.24297/jaa.v10i0.8160
https://doi.org/10.3390/horticulturae8111025
https://doi.org/10.1590/S1413-70542004000100006
https://doi.org/10.1016/j.scienta.2003.10.003
https://doi.org/10.1007/s11627-009-9196-8
https://doi.org/10.1079/IVP2004562
https://doi.org/10.22077/jhpr.2020.3608.1157
https://doi.org/10.3390/horticulturae7070170
https://doi.org/10.1016/j.bcab.2021.102225

	Effect of Medium Compositions and Different Culture Conditions on the Physiological Properties and Clonal Micropropagation of Ficus carica L. cv. Sarılop Plant
	Abstract
	1 Introduction
	2 Materials and Methods
	2.1 Materials
	2.2 Methods
	2.2.1 Determination of Basic Media For Clonal Micropropagation
	2.2.2 Effects of Auxins and Cytokinins on Shoot Regeneration
	2.2.3 Effects of Culture Vessel and Culture Condition on Shoot Regeneration
	2.2.4 Acclimatization
	2.2.5 Observation Parameters
	2.2.6 Evaluation of Data


	3 Results
	3.1 Effect of Different Media on Clonal Micropropagation
	3.2 Effects of Auxin and Cytokinin Experiments on Shoot Regeneration
	3.3 Effects of PGRs Combination on Shoot Regeneration
	3.4 Effect of Culture Vessel and Culture Condition on Shoot Regeneration
	3.5 Effect of Number of Subcultures on Multiplication Coefficient and Shoot Regeneration
	3.6 Acclimatization

	4 Discussion
	5 Conclusion
	References


