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Summary: Moringa oleifera is a fast growing tree under field conditions. A micropropagation
protocol of M. oleifera was established, and effects of salinity and ventilation on fast growing
cultured plant materials were studied. Efficient shoot formation and multiplication were obtained
when nodal or shoot tip explants were cultured on MS medium supplemented with 2.5 uM
6-benzylaminopurine (BAP) at mild ventilation conditions. Adventitious root formation was
obtained when shoot cuttings were cultured on MS medium supplemented with 4.92 pM indole-
3-butyric acid (IBA). Under salinity, M. oleifera shoots showed symptoms of vitrification such
as retardation in shoot multiplication and growth, stimulated callus formation on the basal part of
the cultured explants and increased shoot thickness. M. oleifera shoot multiplication and growth
were negatively affected by ventilation deficiency.
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INTRODUCTION

Mediterranean basin suffers from  agriculture requires deep understanding

water scarcity; which is one of the
main factors limiting the expansion in
the cultivation of new areas and food
production particularly between 2000
and 2025 (Chartzoulakis et al., 2000). To
control water shortage, the use of water of
marginal quality, such as saline water, will
be an essential prerequisite to produce
enough food for the region’s population
increase. Application of saline water in
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of how to overcome the negative effects
of salinity. Tissue culture technique
supplements us with artificial tools to
study the effect of salinity on plants under
controlled conditions and production of
genetically engineered plants. However,
this technique has been successfully
applied to a wide range of plant species all
over the world (Gayathri et al. 2015).
Vitrification, also  known  as
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hyperhydricity, 1is a morphological,
anatomical and physiological
malformation that causes water-swollen
of the in vitro cultured plants (Paques
and Boxus, 1987). High concentrations
of ethylene and CO, were found to
accumulate in tightly closed vessels
leading to shoot vitrification, and it could
be prevented by sufficient gas exchange
during in vitro shoot culture (Lai et al.,
2005). Increased ethylene production in
several plants under conditions of salt
stress was reported (Zapata et al., 2004;
Cordovilla et al., 2014). The relation
between salinity and ventilation in tomato
seedlings grown in vitro was studied
(Mills and Tal, 2004).

Among twelve species of genus
Moringa, the most commonly cultivated
and widespread one is Moringa oleifera
(Olson, 2002). M. oleifera belongs to
family Moringoryaceae. It is a drought
tolerant plant species, which grows in
almost all types of well-drained soil.
M. oleifera was reported to provide
nutritional benefits to human and
livestock (Fuglie, 2001). All parts of
M. oleifera are consumed by humans in
different ways. The leaves of M. oleifera
are a source of digestible proteins,
calcium, iron, vitamin C, vitamin A
and antioxidant compounds such as
flavonoids, phenolics, carotenoids, and
vitamin E (Sultana and Anwar, 2008).
Seeds are eaten green or dry (Berger et
al., 1984) and their powder is used for
water purification (Anwar et al., 2007;
Kardam et al., 2010). In addition, seeds
are used as a source of sweet oil (30-
40% of seed weight). Moringa oil resists
rancidity and it can be used for fine
machine lubrication, and manufacture of
perfume and hair care products (Tsaknis

et al., 1999). Plant extracts, oils, salves,
pulps, and powders have been prepared
from M. oleifera to treat inflammations,
hypotensive, cardiovascular problems,
anti cancerogenic effects, gastrointestinal
illnesses, nervous disorders, infectious
diseases, cold, fever, common
micronutrient disorders (such as vitamin
A, iron and iodine deficiencies) and
excessive pain (Caceres et la., 1992;
Nikkon et al., 2003).

M. oleifera is traditionally propagated
by seeds. Plants obtained from seeds vary
in genotype and phenotype thus leading
to variations in quality and quantity of
the yield. Therefore, propagation of elite
genotype can be faithfully fulfilled via
micropropagation techniques. In general,
explant type, culture conditions and plant
growth regulator regimes must be defined
for each genotype in order to develop a
successful micropropagation protocol
(Stephenson and Fahey, 2004; Marfori,
2010; Saini et al., 2012).

M. oleifera is a fast growing tree
under field conditions (Marfori, 2010;
Saini et al., 2012), and its in vitro growth
is much faster than in the greenhouse
(Forster et al., 2013). Under insufficient
aeration in tight sealed containers, M.
oleifera shoots as well as other plant
species show a degree of vitrification and
callus formation (Riyathong et al., 2010;
Saini et al., 2012; Forster et al., 2013),
which may be due to accumulation of CO,
and ethylene (Paques and Boxus, 1987,
Ziv, 1991; Zobayed et al., 2001). Also,
salinity induces vitrification when plants
are grown in closed containers (Mills and
Tal, 2004). Under these conditions, callus
formation is commonly associated with
vitrification (Paques and Boxus, 1987;
Ziv, 1991; Zobayed et al., 2001).The
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vitrification phenomenon including callus
formation on the base of explants should
be excluded during clonal multiplication.

The aim of this work was to establish
a protocol for in vitro clonal propagation
of M. oleifera, and to study how in vitro
multiplication of fast growing tissue of
M. oleifera was influenced by salinity and
ventilation.

MATERIAL AND METHODS

Micropropagation of M. oleifera
Nodal segment culture

Under room conditions, Moringa
seeds were cultured in plastic pots
containing 2 kg of clay soil. The soil was
watered every three days to reach full
water capacity in each time point. Four
week-old-plants (50-60 cm tall) were
harvested, and their nodes (8-10 nodes
per plant) were parted into upper, middle
and lower nodes. Nodes were surface
sterilized inside the laminar flow hood
by immersion in 70% ethyl alcohol (v/v)
for 30 sec and 20% sodium hypochlorite
(v/v) for 3 min, followed by rinsing
three times in sterile distilled water, 10
min each. The nodal segment ends were
discarded and 1.2-1.5 cm long nodes were
cultured on MS medium (Murashige and
Skoog, 1962) supplemented with 3%
sucrose and different concentrations of
BAP (0.0, 1.25, 2.5, or 5.0 uM). The
medium was solidified with 8 g L' agar
at pH 5.8. The following vitamins (mg
L) were added: myo-inositol (100),
vitamin B -hydrochloride (4), nicotinic
acid (4), pyridoxal hydrochloride (0.7),
biotin (0.04) and folic acid (0.5). Nodal
cultures were incubated at 25+2°C
and 16-h photoperiod (tissue culture
room conditions) for 25 days. Growth
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parameters such as number and size of
formed shoots, number of formed nodes
per shoot, and shoot cluster fresh weight
(FW) were recorded.

Shoot tip culture

Healthy uniform seeds of M. oleifera
were surface sterilized by immersion in
0.1% mercuric chloride (w/v) for 4 min and
20% sodium hypochlorite (v/v) for 7 min,
followed by rinsing three times in sterile
distilled water, 10 min each. Seeds were
germinated on MS medium supplemented
with 3% sucrose and 2.5 uM BAP under
tissue culture room conditions. Shoot
tip cutting of seedlings containing shoot
apical meristem (2-3 mm) was obtained
and cultured on M'S medium supplemented
with 2.5 or 5 uM BAP. After ten weeks,
the obtained mass was subcultured on MS
medium without BAP for two weeks to
stimulate shoot formation. The number of
formed buds and FWof the obtained mass/
shoot tip were determined.

Rooting

For root induction, microshoots (2-3
cm long) were subcultured on full strength
MS medium supplemented with or without
4.92 uM IBA for two weeks. The number
of the formed roots per shoot and their
length were determined. The plantlets
were transferred to soil after hardening for
four weeks in a tissue culture room.

Effect of salinity and ventilation on
multiplication and growth of
M. oleifera

Nodal segments (1.2-1.5 cm
long) were cultured on MS medium
supplemented with 2.5 uyM BAP and
different concentrations of NaCl (1, 2, 4,
or 8 g L), or incubated in tight-, mild-
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or loose-sealed lid glass jars, to study
the effect of salinity and ventilation
rate on rapid clonal propagation of M.
oleifera, respectively. Parafilm was used
to avoid contamination in loose treatment.
Cultures were incubated under tissue
culture room conditions for 25 days.
Shoot multiplication and shoot growth
were determined.

Data analysis

Six replicates with thirty explants
for each treatment were done in all
experiments. Data are presented as means
+ standard deviation (SD) according to
the method described by Snedecor and
Cochran (1980).

RESULTS AND DISCUSSION

Micropropagation of M. oleifera

The explants for cultivation were
collected from young (four-week-old)
plants grown under laboratory conditions
as was previously recommended
(Stephenson and Fahey, 2004; Forster et
al., 2013); thus, healthy plant material for
in vitro culture was available regardless of
the season.

High shoot multiplication was
obtained over a cultivation period of
25 days because the nodal explants
were collected from young plants, and
all explants formed shoots regardless
of node position or cytokinin (BAP)
concentration (Table 1). The induction of
shootmultiplication on growthregulators-
free MS basal medium indicated that
endogenous hormonal content in the
nodal segments was sufficient to trigger
shoot formation and it was improved by
application of exogenous cytokinin in
M. oleifera as it was previously noticed

in other plants (Hassanein, 2004; Salem
and Hassanein, 2013). Multiple shoot
formation on cotyledonary node and
single node segments of M. oleifera
on basal MS medium without growth
regulators was reported by Steinitz et al.
(2009). There was no clear indication of
the source of obtained shoots because
they resulted from pre-existing axillary
meristems or through induction of
adventitious meristems (Steinitz et al.,
2009). Formation of additional axillary
meristems was reported by Graham et al.
(1998).

When nodal segments were obtained
from different parts of ex vitro grown
plants, and cultured on MS medium with
different BAP concentrations, the upper
nodal segments expressed the highest
shoot multiplication regardless of the
BAP concentration; however, 2.5 uM
BAP was the best one as it stimulated
the production of the highest number of
shoots (Table 1, Fig. 1a). On the other
hand, the highest fresh shoot cluster
mass was obtained in the presence of 5
uM BAP (Table 1), however it was due
to the large callus mass formed in shoot
cluster base. Therefore, in the current
experimental scheme, the concentration
of 2.5 uM BAP is recommendable for
multiplication of M. oleifera.

In another study (Saini et al., 2012),
the highest shoot multiplication was
obtained from basal parts of in vitro
grown shoots. The established ratio
between exogenous BAP and endogenous
hormones determined the number of
shoots per nodal segment. Other reports
indicated that induction of specific
type of organogenesis needed specific
endogenous hormonal content and some
modifications in the hormonal part of the
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Table 1. Effects of nodal segment position and BAP concentration on the formation and growth
of shoots of M. oleifera explants.

Node  BAPconcen- Number of Shoot length Number of Shoot cluster
position  tration [uM] shoots/explant [cm] nodes/shoot FW/explant [g]
Lower 2.33+0.57 4.50+£0.14 5.33+0.58 0.28 £ 0.05
Middle 0 3.00 +0.30 4.00£0.20 5.00+ 1.00 0.18 £0.01
Upper 433 £0.57 4.00 £0.50 4.67+£0.58 0.20+£0.01
Lower 2.67+1.15 4.40+0.26 6.00 £ 0.00 0.39 £ 0.04
Middle 1.25 4.00 £ 1.00 4.60£0.10 6.33 £0.58 0.34£0.01
Upper 4.33+£0.58 6.06 £0.15 7.33 £0.58 0.41+0.12
Lower 5.67+0.57 2.73 £0.30 5.00+ 1.00 0.68 £0.05
Middle 2.5 7.33£0.57 1.47£0.20 4.67+0.58 0.89£0.16
Upper 9.00 + 1.00 1.45+0.21 5.33£0.58 0.39 £0.03
Lower 4.67£0.58 4.80£0.20 9.67 £0.58 0.91 £0.04
Middle 5 6.33 +0.58 4.77+0.15 10.00 + 1.00 0.92 +£0.04
Upper 6.67+1.15 4.80+0.20 9.67+1.53 0.95+0.01

Figure 1. Different regeneration pathways of M. oleifera: using nodal segment cultured on
MS medium with (a) 2.5 uM BAP for 25 days resulted in best shoot multiplication; using
shoot tip cultured on MS medium with (b) 5 uM, or (¢) 2.5 uM BAP for ten weeks formed
callus with adventitious green buds; using microshoot cultured on MS medium with (d) 4.92
puM IBA for two weeks improved root formation.
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medium (Hassanein, 2004; Salem and
Hassanein, 2013).

Shoot tips obtained from aseptically
grown seedlings were cultured on MS
medium supplemented with 2.5 or 5 uM
BAP for 10 weeks. Callus mass with
numerous adventitious green buds was
formed, and 5 uM BAP was the better
concentration (Table 2, Fig. 1b, c¢). The
initiated masses were subcultured for
further two weeks on MS basal medium
without BAP to avoid callus formation
and stimulate further shoot growth.
Shoot tips obtained from seedlings were
better explants because they formed a
higher number of buds in comparison to
nodal segments obtained from seedling
or ex vitro grown plants (Tables 1, 2).
Similar results were reported by Rani
et al. (2006). However, compared to
shoot tips, nodal segments produced
more elongated shoots with more nodes
(Fig. 1a, c). Therefore, according to our
results, nodal segments cultured on MS
medium containing 2.5 uM BAP can be
defined as the most efficient approach for
M. oleifera micropropagation.

Spontaneous root formation was

noticed on hormone-free MS medium
(Table 2); which means that root
development in M. oleifera plants can
be easily initiated. Root formation
was improved when microshoots were
cultured on MS medium with 4.92 uM
IBA (Fig. 1d). Addition of a root inducing
growth regulator such as IBA increased
the number of the formed roots in short
time (two weeks) but affected negatively
root system enlargement.

Effect of salinity and ventilation on
multiplication and growth of
M. oleifera

When nodal segments were subjected
to salinity, even at low concentrations, a
reduction in shoot number per explant and
shoot growth was noticed (Table 3 and
Fig. 2) that was associated with increased
enlargement of explants. Fresh mass of
explants increased in the presence of 2 or
4 ¢ L' NaCl, as well as large callus mass
was formed (Table 3, Fig. 2c, d). The
relatively high concentration of NaCl led
to shoot death (Fig. 2e).

Typically, the vitrified shoots are
larger compared to normally growing

Table 2. Effect of growth regulators on shoot and root formation and growth of M. oleifera
L.: (A) shoot tip explants were cultured on MS medium with 0, 2.5, or 5 uM BAP for 10
weeks to form shoots; (B) microshoots were cultured on MS medium without and with
4.92 uM IBA for 2 weeks to form adventitious roots.

(A) BAP concentration [uM]  Number of buds/explant FW/bud cluster [g]
0 14.67 =£0.57 1.75£0.04
2.5 17.33 £0.57 2.73 +£0.30
5 21.33+1.53 3.18+0.18
(B) IBA concentration [uM] Number of roots/shoot Root length [cm]
0 2.00 £ 0.00 2.4+0.20
4.92 3.67+0.58 2.3+0.35
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Table 3. Effect of salt concentration on shoot proliferation and growth of M. oleifera L

nodal explants.

NaCl concentration Number of Length of shoots FW/shoot cluster
[gL1] shoots/explant [cm] [g]
0 (control) 8.67+0.57 433 +£0.57 0.7971 £ 0.080
1 6.67+0.57 2.76 £0.20 0.6904 + 0.006
2 5.33+0.57 1.97 £0.25 1.1792 +£0.269
4 433 +£0.57 1.46 £ 0.05 1.0825 +0.249
8 3.67£0.57 1.13+£0.05 0.3768 +0.049

(a

(d) (e)

Figure 2. Effect of salinity on shoot formation and vitrification in M. oleifera L nodal
explants cultured on MS medium with 2.5 uM BAP and (a) 0 (control), (b) 1, (c) 2, (d) 4,

and (e) 8 g L' NaCl.

ones; besides they are thick with short
stems and dense leaves (Sharma and
Mohan, 2006). Usually, vitrification is
accompanied by enlargement and callus
formation (Paques and Boxus, 1987;
Ziv, 1991). Interaction between salinity
and ventilation was studied by Mills and
Tal (2004). They reported that while
tomato seedlings were relatively tolerant
to salinity in unventilated conditions,
they were more susceptible in ventilated
ones.

In the present work, the number
of formed shoots, shoot growth and
formation of callus on the base of explants
were influenced by the ventilation rate in
the jars (Table 4 and Fig. 3). In tightly
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sealed jars with low ventilation, shoot
enlargement and callus formation on
the base of M. oleifera shoots were
accompanied by retardation of shoot
multiplication and shoot growth (Table
4). This may be due to vitrification and
ethylene accumulation (Zobayed et al.,
2001), accumulation of carbon dioxide
and depletion of oxygen (Jackson et al.,
1991), as well as anatomical variability
(Majada et al., 2000). Sharma and Mohan
(2006) reported that vitrification of in
vitro raised shoots of Chlorophytum
borivilianum was minimized when BAP
was omitted from the cultural medium.
In tightly sealed jars, abscission of plant
leaves, enlargement of the cultured
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Table 4. Effect of ventilation rate on shoot proliferation and growth of M. oleifera L. nodal

explants.
Rate of Number of Length of shoot FW/shoot cluster Callus
ventilation shoots/explant [cm] [e] formation
Mild 7.00 + 1.00 2.50+0.28 1.2503 £ 0.18 +
High 4.67+£0.57 3.00 + 0.80 0.5501 +0.07 -
Low 5.67+0.57 1.67+0.05 1.2523 £0.25 +

Figure 3. Effect of ventilation rate on shoot proliferation from M. oleifera L
nodal segments: (a) mild ventilation; (b) high ventilation; (¢) low ventilation.

explants, and formation of callus on the
base of the cultured shoots were detected
in M. oleifera as well as in other plant
species (Paques and Boxus, 1987; Ziv,
1991; Zobayed et al., 2001).

In the present work, cone shape
shoots due to tissue enlargement were
formed (Fig. 3c). This abnormality was
accompanied by a reduction of shoot
growth and stimulated vitrification (Park
et al.,, 2004; Lai et al., 2005). Also,
net photosynthetic rate was changed
which affected negatively plant growth
(Zobayed et al., 2002). The unventilated
container established atmosphere with
relatively high concentrations of CO,,
ethylene and water vapors (Smith et al.,
1990; Jackson et al., 1991) that caused

hyperhydricity of in vitro propagated
plant organs (Debergh et al., 1992;
Mills and Tal, 2004). Thus, prolonged
cultivation under low ventilation rate (or
insufficient ventilation) resulted in a loss
of cultured plant material of M. oleifera
in two months (Fig. 3c¢).

High ventilation established in
loosely sealed jars stimulated shoot
formation and growth without formation
of callus on the base of explants (Fig.
3b). Our results were in agreement with
another study showing that sufficiently
ventilated in vitro grown plants exhibited
improved shoot growth compared to
plants cultivated in low ventilation
conditions (Sharma and Mohan, 2006).

In gently sealed jars (Fig. 3a) where
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mild ventilation was achieved, the values
of growth parameters (Table 4) were
improved compared to growth in loosely
sealed jars (Fig. 3b); callus mass was also
formed on the explant base, however, the
number of initiated shoots was increased.

In conclusion, upper nodal explants
cultured on MS medium supplemented
with 2.5 uM BAP and mild ventilation
can be recommended for efficient M.
oleifera multiplication. M. oleifera
shoot multiplication and growth were
negatively influenced by ventilation
deficiency and salinity stress.
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