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Abstract

Bitter melon (Momordica charantia L.) is an economically important medicinal and vegetable
crop plant that is rarely grown in Turkey under natural conditions. This study aimed to develop
an in vitro somatic embryo regeneration method using dissimilar concentrations of H,BO, and
2,4-D on leaf and stem explants of the Gazipasa bitter melon ecotype. Boron is an essential
microelement for plants, and its deficiency or excess creates significant problems in plant
development. Within the scope of the study, 0.5, 1.0, 1.5, and 2.0 mg I"' concentrations of H,BO,
and 1.0 and 2.0 mg I 2,4-D were applied to the leaf and stem explants. The results showed 100.00%
and 60.00% callus formation on leaf explants after two weeks and stem explants after 3 weeks using
MS medium amended with 0.5 mg I' HBO, and 2.0 mg I 2,4-D. Somatic embryo formation
percentages were dependent on the type of explant. Their recovery to healthy plantlets was obtained
on MS medium. The somatic embryos at the globular and heart stages comprised identifiable
protoderm layer formation that was not observed if H,BO, was not added into the cultures and the

embryos were fused with hyperhydricity. The study meets the objectives of the research.
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Introduction

The genus Momordica consists of 59 species, of
which about ten are distributed in Africa and Southeast
Asia [1-3]. Momordica charantia L. Cucurbitaceae
family (Bitter melon syn. karela, bitter melon, bitter
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cucumber, balsam apple, balsam pear, bitter gourd, fu
kwa, nigai uri, ampalaya, karela, papailla, pavaaki,
salsamino, peria, sorossies, chin li chih and goo-fash)
is economically important medicinal and vegetable
plant [4]. It is a climbing and annual herb that is
widely cultivated in South Asian countries (Pakistan,
Afghanistan, India, Nepal, Bangladesh, Bhutan, Sri
Lanka), Russia, the Southern part of the Arabian
Peninsula (Yemen), some African, and Central European
countries [5]. It is very rarely cultivated as a vegetable



1422

Yilmaz S.S., Khawar K.M.

but grows under natural conditions for use in various
medicinal formulations of the ethnomedicinal system
of the Aegean region of Turkey [6].

Many plant species in this family are used in
ethnopharmacology in many cultures, countries and
regions [7]). M. charantia fruits and leaves have been
applied externally as anthelmintic in the treatment
of leprosy [8]. It has been used as an antipyretic to
treat rheumatism, gout, liver, and spleen discases [9].
The ripe fruits are used externally to heal wounds
and in the treatment of stomach ailments including
oral peptic ulcers in Turkish folk medicine [10].
It is part of the traditional diet of the inhabitants of
Pakistan, some parts of India, and Japanese Okinawa
Island [11]. It is traditionally used in the treatment
of diabetes in China [12]. Bioactive components
of M. charantia act enhancing tumor suppressor gene
activity [13]. Its fruits are rich in iron, calcium, and
phosphorus, containing substances with antidiabetic
properties such as charantin, vicin, polypeptide-P,
and other non-specific bioactive components such
as antioxidants [14]. The bitterness of this plant is
attributed to its saponins, and mainly four cucurbit
glycosides namely momordicines I, momordicines II,
momordicosides K and momordicosides L. [15, 16].

Tissue culture is the production of plants and plant
products in an artificial nutrient medium under aseptic
conditions involving basic genetic and biochemistry
research in cell biology as well as commercial
applications  including tissue  culture, genetic
transformation, and editing [17]. These studies are
carried out by using cell cultures, anthers, ovules and
embryos, protoplast isolation, their fusion, appropriate
cell selection, bud cultures, and callus and suspension
cultures [18]. Clonal propagation, production of haploid
plants and breeding studies to overcome incompatibility
problems [19, 20].

Recent developments in genetic engineering
are very important in the production and reproduction
of these plants. Many bioengineering applications
in the biotechnology of plants have been studied
intensively in the last forty to fifty years. Callus
cultures and suspension cell cultures offer a wide range
of uses in pharmacology and pharmacy as well as
in other branches of agriculture [21-23]. Genetically
modified callus cultures developed through gene
technologies can be used to produce plants with
increased resistance to salt, drought, diseases, and pests
by the synthesis of bioactive secondary metabolites
[24]. Although the full potential of callus plant culture
technology has not yet been exploited, the time has
come to develop and market more callus culture-based
products [25].

This study, aimed to investigate the effects of
different H,.BO, and 2,4-D concentrations on somatic
embryo formation of leaf and stem explants of bitter
gourd.

Material and Methods
Plant Material

The seeds of the bitter gourd plant were obtained
from the Gazipasa county of Antalya province in
2020 (Fig. 1A). The seeds were sown directly into
pots containing peat:perlite (1:1) mixture at a depth
of 1.0 cm to multiply them. Once the vines were
established, they were identified at the flowering and
fruit setting stage by the author [26] using the keys as
given in the flora of China [27] and Flora of Pakistan
[28].

Surface Sterilisation and Germination

The fresh seeds from these plants were surface
sterilized under aseptic conditions using 10% NaOCI
(0.5% commercial bleach sold as Ace, Istanbul Turkey)
under in vitro conditions, followed by rinsing with
bidistillled water for 3 min x 6 times in a biosafety
cabinet. Thereafter, the seeds were germinated under
aseptic conditions using sterilized wet cotton. The leaf
and stem explants were aseptically cut using sterilized
scalpel blades No. 10 and forceps from 6-7 days
old germinated plants in the petri dishes containing
respective concentrations of boric acid and 2,4-D
amended MS culture medium [29].

Boron Salt (H,BO,) and 2,4-D Treatments

These explants were treated with four different
concentrations (0.5, 1.0, 1.5, 2.0 mg 1) of H,BO,
(Boric acid) and two different concentrations (1.0,
2.0 mg 1) of 2,4-D (2,4-dichlorophnoxyacetic acid)
(8 combinations of treatments in total) in MS medium
[29] to observe their effect on callus and somatic
embryo formation in the study. The pH of the medium
was adjusted without adding agar to 5.7£0.1 using
1 N KOH and 1 N HCL The culture medium contained
6 g I (w/v) plant agar to solidify the medium.
The somatic embryos were recovered on MS medium
amended with 90 g I' sucrose. All cultures were
incubated under a 16 h light photoperiod using
the light intensity of 2500+500 lux at 24+1°C. The
percentages of callus formation and embryo induction
on the two explants were compared after 2 and 3 weeks
of culture.

Histological Procedure

Both leaf and stem explants inducing somatic
embryos were initially fixed for 12-13 h using formalin
acetic acid- ethyl alcohol fixative. They were dehydrated
using ethyl alcohol and a series of butanol followed
by embedding in paraffin and 10 pum microtomed
sections. These were stained using safranin and fast
green [30].
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Fig. 1. A) Fresh seeds (B, C) Somatic embryogenesis on two-week old leaf explants in nutrient medium containing 0.5 mg 1-1 H,BO,
and 2.0 mg I-1 2,4-D (D, E) Somatic embryogenesis on three-week-old stem explants in nutrient medium containing 1.5 mg I-1 H,BO,
and 2.0 mg 1-1 2,4-D (F) Recovery of plant on MS medium and transfer to pots containing peat moss for acclimatization (bar Fig. 1A

=3.0 cm, Fig. B,C=1.31 cm, 1D, E=1.26 cm, 1F =3.00 cm).

Statistical Analysis

The experimental data was collected and analyzed
according to split plot, randomized complete block
design using three replications and repeated thrice.
The measurements and counts were made on 15 explants
in each replication. The data were subjected to variance
analysis using the “SPSS 25.0 for Windows” statistical
software. Duncan’s test was applied to compare
the treatment means. The LSD test at significance levels
of “p<0.01 and p<0.05" were used to compare the means
[31].

Results and Discussion
Histological Results
Histological sections showed the induction of
somatic embryos was through formation of embryogenic
clumps of cells induced on the explants.
Effect of Different H,BO, and 2,4-D Concentrations
on in vitro Callus Production and Somatic Embryo

Induction after Two Weeks of Culture

Somatic embryogenesis on the leaf explant started
2-3 d after culture with the initiation of callusing at the

edges and formation of somatic embryos (after passing
through different stages of globular, heart, torpedo, and
well-formed plantlet stage after two weeks of culture).
A significant interaction was noted among different
concentrations of H,BO,, and 2,4-D for callus induction
and somatic embryo regeneration on leaf and stem
explants, which ranged 6.66-53.33% using 1.0 mg 1!
2,4-D and different concentrations of H,BO0, (Table 1).
Somatic embryogenesis ranged 33.33-100.00% using
2.0 mg 1" 2,4-D on leaf explant using MS medium
amended with different concentrations of (0.0-2.0 mg
Iy H,BO, (Table 1). The best somatic embryogenesis
(100.00%) was noted on 0.5 mg I H,BO, — 2.0 mg I'!
2,4-D (Fig. 1B, C).

Similarly, excluding non regenerative concentrations
of H,BO,, a range of 13.33-33.33% somatic
embrogenesis was noted using 1.0 mg 1! 24-D
and 26.66-40.00% using 2.0 mg 1" 2,4-D in the presence
of different concentrations of H,BO, on stem explants.
The best somatic embryogenesis (100.00%) was noted
on 0.5 mg 1" HBO, — 2.0 mg 1" 2,4-D on leaf explant.
No somatic embryogenesis was noted on stem explant
using MS medium amended with 1.5 mg I' H,BO
— 1.0 mg I 2,4-D. No somatic embryogenesis was noted
on 1.0 and 2.0 mg I'' H,BO, combined with 2.0 mg I"
2,4-D (Table 1).

Comparing the effects of two concentrations of
2,4-D, significant (p<0.01) differences were observed
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Table 1. The effect of different concentrations of H,BO, and 2,4-D on in vitro callus formation (%) and recovery of somatic embryos per
explant from leaf and stem explants after two weeks of culture.

2,4-D (mg 1)
H,BO, (mg 1) Leaf Means Stem Means
1.0 (mg I'") 2.0 (mg I') 1.0(mg 1) 2.0 (mg Iy
Control 6.66c**B* 86.66abA 46.66¢""" 33.33a™® 40.00aA 36.66a™"
0.5 33.33abB 100.00aA 66.665a 20.00bB 26.66bB 23.33b
1.0 46.66aB 66.66bA 56.66b 13.33cA 0.00cC 6.67¢c
1.5 20.00bB 93.33aA 56.66b 0.00dB 40.00aA 20.00b
2.0 53.33aB 33.33cA 43.33c 26.66bA 0.00cB 13.33¢
Means 31.99B*** 75.99A 18.66B 21.33A
Number of recovered somatic embryos explant-1
2,4-D (mg 1)
H,BO, (mg1") Leaf Stem
Means Means
1.0 (mg I'") 2.0 (mg ') 1.0(mg I'") 2.0 (mg I'y
Control 0.76 9.89 5.34 0.81 0.97 0.88
0.5 3.71 11.33 7.62 0.43 0.64 0.54
1.0 5.33 7.61 6.97 0.32 0.00 0.16
1.5 2.28 10.65 6.47 0.00 0.97 0.49
2.0 6.09 3.81 4.95 0.64 0.00 0.32
Means 3.65 8.67 0.45 0.52

" The difference among the means shown with different lowercase letters in the same column are statistically different at p<0.01

level of significance using LSD test

'The difference among the means shown with different uppercase letters in the same row are statistically different at p<0.01 level

of significance using LSD test

Hk

level of significance using t test

Hrkok

of significance using LSD test

between the treatments. 2.0 mg 1" was more inductive
(with regeneration percentage of 75.99% on the leaf
explant and 21.33% on stem explant after two weeks
of culture (Table 1). Comparing the effects of different
concentrations of H,BO, both callus regeneration and
somatic embryogenesis ranged 43.33-66.65% on leaf
explants and 13.33-36.66% on stem explants.

Effect of Different H BO, and 2,4-D
Concentrations on in vitro Callus Production
and Somatic Embryo Induction after Three Weeks
of Culture

A significant interaction was noted among different
concentrations of H,BO, and 2, 4-D. Callus induction
and somatic embryo regeneration ranged 6.66-40.00%
using 1.0 mg I'24-D and 26.66-100.00% using
2.0 mg I' 2,4-D in the presence of 0.5 mg 1! and
2.0 mg I H,BO, on leaf explant in the same order
(Table 2).

The difference between the means shown with different lowercase letters in the same column are statistically different at p<0.01

The difference among the means shown with different uppercase letters in the same row are statistically different at p<0.01 level

The best somatic embryogenesis (100.00%) was
noted on 0.5 mg I'" HBO, (Fig. 1D, E). Comparing
the effects of two concentrations of 2,4-D, significant
(p<0.0I) differences were observed between the
treatments. A higher percentage of somatic embryos
were induced on 2.0 mg 1! 24- D regardless of the
explants. The leaf explant showed 69.99% and stem
explants induced 23.33% somatic embryos. Comparing
the effects of different concentration of H,BO, both
callus regeneration and somatic embryogenesis
ranged 33.33-66.66% on leaf and 9.99-33.33% on stem
explants. The results indicated statistically different
results on the effects of H,BO, and 2,4-D concentrations
along with their interaction for somatic embryo
induction on both explants. The highest percentage of
somatic embryo induction (100.00%) on leaf explants
was obtained on MS medium containing 0.5 mg 1!
H,BO, and 2.0 mg I' 2,4-D with 93.33% somatic
embryo induction on leaf explants on medium
containing 1.5 mg I 2,4-D. The highest percentage of
somatic embryo induction (60.00%) on stem explants
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Table 2. Effect of different concentrations of H,BO, and 2,4-D on in vitro callus formation (%) and recovery of somatic embryos per
explant from leaf and stem explants after three weeks of culture.

2,4-D (mg 1)
H,BO, (mg 1) Leaf Mean Stem Mean
1.0 (mg I'") 2.0 (mg [)** 1.0 (mg I'* 2.0 (mg I')*
Control 6.66""F 66.66""A 36.66b™"" 13.33ab%AB 40.00%8 26.66a"""
0.5 33.33%8 100.00% 66.66a 20.008 6.66°8 13.33b
1.0 0.00°8 60.00°* 30.00b 13.33:48 6.66°8 9.99b
1.5 26.66™8 93.33 59.99a 6.66°8 60.00** 33.33a
2.0 40.00® 26.66%* 33.33b 6.66°8 3.33B 5.00b
21.33p™ 69.99a 11.99a™" 23.33b
Number of recovered somatic embryos explant’!
2,4-D (mg 1-1)
H,BO, (mg1") Leaf Means stem Means
1.0 (mg I'") 2.0 (mg I)** 1.0 (mg I'") 2.01.0 (mg I')**
Control 0.61 6.08 3.35 0.32 0.96 0.64
0.5 3.04 9.13 6.15 0.48 0.15 0.32
1.0 0.00 5.53 2.77 0.32 0.17 0.25
1.5 2.43 8.52 5.97 0.13 2.40 1.27
2.0 3.65 2.43 3.04 0.14 0.71 0.48
Means 1.95 6.39 0.28 0.88

" The difference among the means shown with different lowercase letters in the same column are statistically different at p<0.01

level of significance using LSD test

*The difference among the means shown with different uppercase letters in the same row are statistically different at p<0.01 level

of significance using LSD test

Fxk

level of significance using t test

Fxkk

of significance using LSD test

was obtained on MS medium containing 1.5 mg 1!
H,BO, and 2.0 mg I 2,4-D.

The callus induction on leaf explants ranged
0.00-40.00% and 26.66-100.00% using 1.0 and
2.0 mg I' 2,4-D in the same order. The experimental
results showed damaging effects of prolonged exposure
(3 week) on the health of leaf explants due to 2,4-D
in the cultures on the number of somatic embryo
formation ending up with a reduced number of somatic
embryos regardless of using 1.0 and 2.0 mg I 2,4-D.

The stem explants induced improved callus
and somatic embryogenesis of 3.33- 60.00% using
2.0 mg 1" 2,4-D, when 3 weeks results were compared
with the data taken after two weeks of culture. The calli
on both concentrations of 2,4-D induced hyperhydricity,
on the control treatments, where H,BO, was not used
in the regeneration medium. The calli showed clumps
of a multiple number of fused and hyperhydric somatic
embryos that were difficult to separate in agreement
with Navarro et al. [32] and Quiala et al. [33]. Qu [34],
Vesty [35] recommend the use of a medium containing

The difference between the means shown with different lowercase letters in the same column are statistically different at p<0.01

The difference among the means shown with different uppercase letters in the same row are statistically different at p<0.01 level

H,BO, and 2,4-D at different concentrations to induce
callus induction and somatic embryo formation. Studies
by other researchers also recommend the “short interval
treatments” of H,BO, and other plant growth regulators
to culture bitter gourd and other plants [36-41]. Plantlets
were obtained from somatic embryos in vitro conditions
and were acclimated to in vivo conditions in pots in
climate chamber (Fig. 1F).

Conclusions

It was concluded that short-term (two or three
weeks) cultures are more advantageous for in vitro
callus and somatic embryo formation of M. charantia.
Media containing the combination of 2,4-D and H,BO,,
which produced significantly different results on leaf
and stem explants. The study reports tissue culture of
bitter gourd from a local line/ecotype grown in West
Asia or Turkey for the first time. This study could be
extended further for genetic transformation, genetic
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editing,

rapid breeding and secondary metabolite

production. Furthermore, the regeneration was explant
and time-dependent. The process of regeneration varied
depending on the capability of explants to induce
new meristems. The study meets the objectives of
the study.

10.

11.

Conflict of Interest

The authors declare no conflict of interest.

References

RATHOD V., BEHERA T.K., MUNSHI A.D., GAIKWAD
A.B., SINGH S., VINAY N.D., BOOPALAKRISHNAN
G., JAT G.S. Developing partial interspecific hybrids of
Momordica charantia X Momordica balsamina and their
advance generations. Scientia Horticulturae. 281 (109985),
2021.

RAMALHETE C., GONCALVES B.M.F., BARBOSA F.,,
DUARTE N., FERREIRA M.U. Momordica balsamina:
phytochemistry and pharmacological potential of a gifted
species. Phytochem Rev. 21 (2), 617, 2022.

SAGLAM S. In vitro propagation of bitter gourd
(Momordica charantia L.). Scientific Bulletin. Series F.
Biotechnologies. 21, 46, 2017.

FAN M., KiM E.K., CHOI Y.J., TANG Y., MOON SH.
The Role of Momordica charantia in Resisting Obesity.
International Journal of Environmental Research and
Public Health. 16 (18), 3251, 2019.

ALI S.S., KASOJU N.,, LUTHRA A., SINGH A,
SHARANABASAVA H., SAHU A., BORA U. Indian
medicinal herbs as sources of antioxidants. Food research
international. 41 (1), 1, 2008.

KUCUK A., ABAK K. SARI N. Cucurbit genetic
resources collections in Turkey. In First Ad Hoc Meeting
on Cucurbit Genetic Resources. 19, 46, 2002.

ULLAH M., MEHMOOD S., ALI M., BUSSMANN R.W.,
ALDOSARI A., KHAN R.A., ULLAH R., HUSSAIN
W., SHAH M.A.R. An ethnopharmacological study of
plants used for treatment of diabetes in the Southern
and Tribal regions of Khyber Pakhtunkhwa province,
Pakistan. Ethnobotany Research and Applications. 18,
1-20, 2019.

BHATTACHARIJEE D, PRATHIBHA G.S,,
MALLIKARJUN D.P, MEGHARAIJ KV,
MANOJ AN. DHANUSH C.R, KUMAR M.N,
CHANNAMMANAVAR P. A Systematic Review on
Momordica charantia. World Journal of Pharmaceutical
Research. 11 (16), 1907, 2022.

ZHOU R., JIA Y, WANG Y., WANG X. LENG
X. Application of state-target application of painful
arthritis liver and kidney deficiency: A review. Medicine
(Baltimore). 101 (48), e31463, 2022.

GURBUZ 1, AKYUZ C., YESILADA E., SENER
B. Anti-ulcerogenic effect of Momordica charantia
L. fruits on various ulcer models in rats. Journal of
Ethnopharmacology. 71 (1-2), 77, 2000.

ABD KADIR S.L., YAAKOB H. ZULKIFLI R.M.
Potential anti-dengue medicinal plants: a review. Journal
of natural medicines. 67, 677, 2013.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

. ESPINOSA-LEAL C.A,,

. CICEK S.S. Momordica charantia L.-Diabetes-Related

Bioactivities, Quality Control, and Safety Considerations.
Front Pharmacol. 13 (904643), 2022.

. JIA S., SHEN M., ZHANG F., XiE J. Recent Advances

in Momordica charantia: Functional Components and
Biological Activities. Int J Mol Sci. 18 (12), 2555, 2017.

. AKBAR S. Momordica charantia L. (Cucurbitaceae).

Handbook of 200 Medicinal Plants. Publisher: A
Comprehensive Review of Their Traditional Medical Uses
and Scientific Justifications. Springer, 1 ed. 2020.

. DENG Y., MA Y., LiU H., ZHANG Y., WE[ Z., LiU G.,

TANG X., JIA X. Structure determination, bitterness
evaluation and hepatic gluconeogenesis inhibitory activity
of triterpenoids from the Momordica charantia fruit. Food
Chemistry. 372, 131224, 2022.

. LIU Y.J, LAI Y.J.,, WANG R., LO Y.C., CHIU C.H. The

Effect of Thermal Processing on the Saponin Profiles of
Momordica charantia L.. Journal of Food Quality. 2020,
886, 2020.

PUENTE-GARZA CA,
GARCIA-LARA S. In vitro plant tissue culture: means for
production of biological active compounds. Planta. 248 (1),
1,2018.

. AGARWAL M. Tissue culture of Momordica charantia L.:

A review. Journal of Plant Sciences. 3 (1-1), 24, 2015.

. GEORGIEV M.J., WEBER J., MACIUK A. Bioprocessing

of plant cell cultures for mass production of targeted
compounds. Applied microbiology and biotechnology. 83,
809, 2009.

TEFERA A.A. Review on Application of Plant Tissue
Culture in Plant Breeding. Journal of Natural Sciences
Research. 9 (3), 2019.

EFFERTH T. Biotechnology Applications of Plant Callus
Cultures. Engineering. 5 (1), 50, 2019.

STOKES A., SOTIR R., CHEN W., GHESTEM M. Soil
bio-and eco-engineering in China: past experience and
future priorities. Ecological engineering. 36 (3), 247, 2010.
DESAI M.S., LEE SW. Protein-based functional
nanomaterial design for bioengineering applications. Wiley
Interdisciplinary Reviews: Nanomedicine and
Nanobiotechnology. 7 (1), 69, 2015.

EFFERTH T. Biotechnology applications of plant callus
cultures. Engineering. 5 (1), 50, 2019.

BAPAT V.A, KAVI KISHOR PB., JALAJA N., JAIN
S.M., PENNA S. Plant Cell Cultures: Biofactories for the
Production of Bioactive Compounds. Agronomy. 13 (3),
858, 2023.

SAGLAM YILMAZ S., KHAWAR K.M. Tissue culture,
genetic engineering, and nanotechnology in bitter
gourd. The Bitter Gourd Genome. 83-89, Springer, 2020.
Flora of China. Available online: http:/www.Efloras.
Org/Florataxon. Aspx?Flora_Id=2&Taxon_[d=200022698
(accessed on 12.06.2023).

Flora of Pakistan. Available online: http:/www.efloras.
org/florataxon.aspx?flora_id=5&taxon_id=200022698
(accessed on 12.06.2023).

MURASHIGE T., SKOOG, F. A revised medium for rapid
growth and bio assays with tobacco tissue cultures. Plant
Physiology, 15, 473, 1962.

JENSEN W.A, Botanical histochemistry: Principle and
practice. 78-99, San Francisco, 1962.

SNEDECOR G.W., COCHRAN W.G. Statistical Methods.
Iowa state university press, Ames, lowa, 1967.
NAVARRO C., ESCOBEDO R.M., MAYO A. In vitro
plant regeneration from embryogenic cultures of a diploid



The effect of H,BO, and 2,4-D on in vitro Callus...

1427

33.

34.

35.

36.

37.

and a triploid, Cavendish banana. Plant Cell, Tissue and
Organ Culture. 51, 17, 1997.

QUIALA E., BARBON R., MESTANZA S., LA O.M.,
MERLAN G., NUNEZ-RAMOS J., PEREZ N., LEIVA
M., JIMENEZ E., DANIELS D. Somatic embryogenesis
and plant regeneration from leaf of the interspecific hybrid
of mahogany (Swietenia macrophylla KingxS. mahagoni
(L.) Jacq.). Trees. 36, 167, 2022.

QU Y. Breeding and propagation of Meconopsis (Doctoral
dissertation, University of British Columbia), 1985.
VESTY E.F. Understanding developmental processes
in early-diverging plant model systems (Doctoral
dissertation, University of Birmingham), 2017.

PANDEY D.K., SINGH A.K., CHAUDHARY B. Boron-
Mediated Plant Somatic Embryogenesis: A Provocative
Model. Journal of Botany. 2012, 375829, 2012.

MING N.G.J., BINTE MOSTAFIZ S., JOHON
N.S., ABDULLAH ZULKIFLI N.S., WAGIRAN A.
Combination of Plant Growth Regulators, Maltose,
and Partial Desiccation Treatment Enhance Somatic
Embryogenesis in Selected Malaysian Rice Cultivar. Plants
(Basel). 8 (6), 144, 2019.

38.

39.

40.

41.

FARGHALY F.A., SALAM H.K.,, HAMADA A.M., RADI
A.A. The role of benzoic acid, gallic acid and salicylic
acid in protecting tomato callus cells from excessive boron
stress. Scientia Horticulturae. 278 (109867), 2021.
AL-MAYAHI AM.W. Effect of calcium and boron on
growth and development of callus and shoot regeneration
of date palm ‘Barhee’. Canadian Journal of Plant
Science. 100 (4), 357, 2019.

MERCAN T., GALATALI S., OZKAYA D.E., CELIK O.,
ERGUN K. Effects of different boron salt treatments on
micropropagation and genetic stability in in vitro cultures
of Liquidambar orientalis Miller. Journal of Boron. 7 (4),
521, 2022.

MOBASSERIMOGHADAM M., FAKHERI B.A,
KAMALADINY H., SOLOUKI M., HADDADI F.
Evaluation of the effect of growth regulators on the
micropropagation process of medicinal plant (Momordica
charantia) and identification of secondary compounds of
different organs using GC-MS. Crop Science Research in
Arid Regions. 4 (2), 533, 2023.






