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Abstract. Shoots of the olive cultivar Moraiolo were previously cultured in aseptic
conditions on Olive Medium (OM), with the addition of 4 mg-L~" of zeatin, 30 g-L ! of
sucrose, and 7 g-L.~! of agar. Then, 1-cm long uninodal explants with two leaves and two
axillary buds were excised from the proliferated masses and placed on the same
proliferation medium enriched with four concentrations of neem oil (0—control, 0.1,
0.5, and 1.0 mL-L~"), added before sterilization. The addition of 0.1 mL-L~! of neem oil
to the medium gave an improvement in shoot regeneration. More vigorous shoots (longer
proliferated shoots) were obtained along with a higher number of nodes (multiplication
rate). Overall, there was a significant increase in the total fresh and dry proliferated
weights. To our knowledge, this is the first report showing a strong and beneficial effect of

neem oil, used as a “complex mixture,” on in vitro plant regeneration.

Micropropagation is used worldwide be-
cause of a number of advantages with respect
to conventional propagation systems. Among
the advantages are the high genetic and
sanitary quality of the propagated material
and the potential for the production of a large
number of plants in a small space and in
a short period of time (Kavand et al., 2011).
Currently, micropropagation is used for the
multiplication of rootstocks and cultivars in
a number of fruit species, such as pear, kiwi,
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banana, pineapple, and others (Balla and
Mansvelt, 2013; Dobranszki and Silva,
2010). However, many woody and fruit tree
species are still difficult to propagate using in
vitro culture and others still have particular
problems (Jain and Haggman, 2007). Olive
(Olea europaea L.) is usually propagated
through conventional asexual methods, such
as by cutting or grafting. However, these
techniques have some limitations because
they are too slow and/or are inefficient for
some cultivars with a high commercial value
(Rkhis et al., 2011). With the aim of over-
coming these difficulties, micropropagation
has also been tested on olive to produce high-
quality plantlets, especially of varieties that
are interesting from a commercial point of
view, but have a low rooting potential
(Mangal et al., 2014; Micheli et al., 2010).
Although several improvements have been
achieved in the last years, the in vitro culture
of olive is currently not a technique used in
commercial laboratories. Such failure is
mainly due to the different behavior of the
various cultivars, which requires setting up

‘ PROPAGATION AND Ti1SSUE CULTURE

a specific protocol for each variety (Bahrami
et al., 2010; Lambardi and Rugini, 2003;
Rostami and Shahsavar, 2012), and the use
of zeatin, which is very expensive (Mendoza-
de Gyves et al., 2008). To solve or reduce
these problems, efforts have been made to
identify alternative cytokinins or compounds/
protocols able to improve the regeneration
efficiency of the explants to reduce the unit
cost of regenerated shoots (Ali et al., 2009;
Mendoza-de Gyves et al., 2008).

Recently, the use of natural substances as
components of the media able to improve
explant regeneration is gaining interest. These
substances are called “complex mixtures” and
consist of coconut water, malt extract, potato
extract, yeast extract, homogenized banana,
orange juice, seaweed compound, and hydro-
lyzed casein (Baque et al., 2011; Boase et al.,
1993; Einset, 1978; Molnar et al., 2011; Souza
et al., 2013). They provide several compounds,
such as amino acids, peptides, carbohydrates,
vitamins, and growth regulators. However, the
type and quantity of the supplemented sub-
stances for success of in vitro cultivation vary
according to the species and variety (Molndr
et al., 2011; Thorpe et al., 2008).

We propose including neem oil among the
“complex mixtures.” This oil, extracted
from the seeds of Azadirachta indica (A.
Juss.), has been known and used for a long
time in agriculture, as a fertilizer, soil
conditioner and, especially, as a pesticide
(Lokanadhan et al., 2012). Triglycerides
make up about 97.7% of the oil, with oleic,
linoleic, stearic, and palmitic fatty acids
being the main ones (Djibril et al., 2015).
The unsaponifiable fraction contains sterols
and tocopherols (with -sitosterol and
Y-tocopherol as the major sterol and tocoph-
erol components, respectively) (Djibril et al.,
2015). It also contains vitamin E, phenols,
and many triterpenoids of which azadirachtin
is the most well known and studied (Devi and
Maji, 2011; Nahak and Sahu, 2011).

The aim of this study was to test the use of
neem oil as a “complex mixture” added to
the culture medium for the proliferation of
the olive cultivar Moraiolo to improve its
regeneration efficiency. To our knowledge,
this is the first attempt at using neem oil for in
vitro plant regeneration.

Materials and Methods

The initial explants were 1-cm long unin-
odal segments of shoots with two leaves and
two axillary buds. They were excised from
previously proliferated masses cultured in
aseptic conditions in the OM (Rugini,
1984), with the addition of 4 mg-L ! of zeatin,
30 gL' of sucrose, and 7 g-L' of agar,
according to Mencuccini et al. (1997). These
explants were placed on the same proliferation
medium enriched with four concentrations of
neem oil (0—control, 0.1, 0.5, and 1.0 mL-L™")
added before sterilization. ‘Moraiolo’ was cho-
sen because it is a cultivar that is difficult to
multiply by cutting and hence there is interest
in propagating it by using in vitro culture.
Neem oil in the form of the commercial product
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Table 1. Effects of four concentrations of neem oil added to the medium on the proliferation of “Moraiolo’ uninodal explants evaluated after 45 d of subculture.

Neem oil Explant survival Shoots Shoot length Internode length Multiplication Leaves Fresh wt Dry wt
(mL-L™) (%) (n) (mm) (mm) rate (n) (n) (mg/explant) (mg/explant)
0.0 96.7 a 1.8a 26.0b 62c 75a 19.6 a 3774 ¢ 51.5¢
0.1 96.7 a 1.7a 419 a 10.6 a 7.4 a 209 a 7102 a 954a
0.5 60.0b 1.3b 24.6b 84b 400 11.5b 557.3b 62.7b
1.0 0.0c — — — — — — —

All data were submitted to analysis of variance and means were separated with the Tukey’s test, using the SISVAR statistical program. In each column, means
followed by different letters are significantly different for P = 0.05.

Neem Italia® (Argan Italia, Moniga del Garda,
Italy) without any previous treatment was used.
After the addition of all compounds, the pH of
all media was adjusted to 5.6. They were
poured into glass vessels (100 mL/vessel),
which were then autoclaved at 115 °C for
20 min. Successively, under aseptic conditions,
the uninodal explants were placed in the glass
vessels (10 explants/vessel) which were sealed
with tape. The four treatments were arranged in
a completely randomized design with three
replications (one vessel each) per treatment.
The cultures were maintained for 45 d in
a growth chamber at 22 + 2 °C under a 16-h
light photoperiod, with cool white fluorescent
tubes producing a photon flux density of
40 uE-m2s'. At the end of the subculture,
explant survival, number and length of shoots,
multiplication rate (number of usable nodes
obtained from each explant), number of
leaves, and fresh and dry proliferated weights
were recorded. In addition, the average in-
ternode length of the proliferated shoots was
calculated (considering only the length and
nodes of the main shoots). Then, the concen-
tration of neem oil, which gave the best result,
was compared with the control for two other
subsequent subcultures to evaluate the consis-
tency/reliability of the results.

All data were submitted to analysis of
variance (ANOVA), according to a com-
pletely randomized design or a factorial de-
sign. Means were separated with the Tukey’s
test, using the SISVAR statistical program
(Ferreira, 2011).

Results and Discussion

The addition of different concentrations of
neem oil to the OM showed that, after 45 d of
culture, the best results were obtained with
0.1 mL.L™! (Table 1). Indeed, there was an
increase in shoot length and, especially, in
proliferated fresh and dry weights with respect
to both the control (0 mL-L™" of neem oil) and
the higher concentrations of neem oil. For the
other parameters (Table 1), there were no
statistically significant differences between
the control treatment and that with 0.1 mL-L™!
of neem oil. The concentrations of 0.5 and 1.0
mL-L " caused 40% and 100% mortality of the
explants, respectively. This is probably be-
cause of a phytotoxic effect of these amounts
of neem oil to the explants. In this regard, it
can be considered that the hydrophobic char-
acter of the oil can cause a reduction in water
absorption and, consequently, of solubilized
minerals from the medium (Cyr, 2014).

The comparison of the best concentration of
neem oil (0.1 mL-L™") with the control (no neem

532

oil added) for three consecutive subcultures was
carried out applying a factorial design for the
analysis of data, using as factors the concentra-
tion of neem oil (0 mL.-L'- control, and
0.1 mL-L™") and the three subcultures. The
ANOVA showed no interaction effect with
the exception of the multiplication rate and the
total number of leaves on the proliferated shoots
for which there was an interaction effect be-
tween the concentration of neem oil and the
subculture. Therefore, the results are shown as
interaction for the multiplication rate and the
total number of leaves (Table 2) and as main
effects of the two factors considered for the
other parameters (Tables 3 and 4).

The use of 0.1 mL.L™!, with respect to the
control, showed no differences in the per-
centage of explant survival and shoot number
produced by each explant, whereas it gave
higher values of shoot length (+74%) and
proliferated fresh (+112%) and dry (+88%)
weights (Table 3; Fig. 1A and B). It is
important to note that the shoot length refers
only to the main proliferated shoots without
considering possible secondary/adventitious
sprouts. Regarding the multiplication rate
and the total number of leaves on the pro-
liferated shoots, the use of 0.1 mL-L™ with
respect to the control showed similar values
in the first subculture and higher values in the
second (+55% and +42%, respectively) and
third (+32% and +39%, respectively) sub-
cultures (Table 2), indicating a clear interac-
tion effect (the effect of neem oil depended
on the combination with the subculture). For
the other parameters there were no effects of
the subculture (Table 4). Olive has a strong
apical dominance which causes a low forma-
tion of secondary axillary shoots (Mendoza-de
Gyves et al., 2008). Thus, uninodal explants
with two opposed lateral buds usually develop
just one shoot or, occasionally, two. Conse-
quently, multiplication rate in olive is mainly
determined by the number of nodes on the
proliferated shoots produced in each subculture
by the initial explant (Lambardi et al., 2013;
Leva et al, 2013). However, adventitious
secondary sprouts can develop from the pro-
liferated shoots and they can contribute to
increasing the total number of nodes from each
explant. This was the case of shoots proliferated
in the medium with the addition of neem oil.
Indeed, about 20% of the nodes were derived
from the development of secondary adventi-
tious sprouts (Fig. 1C). The production of
nodes from the development of secondary
adventitious sprouts was also obtained by
Mendoza-de Gyves et al. (2008), in three
different olive cultivars, through the addition
of dikegulac to the proliferation medium. The

Table 2. Effects of the interaction between the
concentration of neem oil and the subculture on
the multiplication rate and total number of
leaves on the proliferated shoots.

Neem oil ~ Subculture Multiplication Leaves
(mL.L™) (n) rate (n) (n)
0.0 1 75b 19.6 b
2 52¢ 144 ¢
3 8.1b 22.0b
0.1 1 74b 209b
2 8.0b 204 b
3 10.7 a 30.6 a

All data were submitted to analysis of variance and
means were separated with the Tukey’s test, using
the SISVAR statistical program. In each column,
means followed by different letters are significantly
different for P = 0.05.

interaction between the use of 0.1 mg-L™" of
neem oil and the subcultures indicates that
neem oil was able to increase the multiplication
rate, after an initial phase during which it had
no effect on the number of nodes (Table 2).
This can be explained considering that in some
cases, as observed in Elingera elatior (Jack)
R.M., an adaptation period to the new medium
is necessary before it can produce the entire
effect (Santos et al., 2016). The similar effect
observed on the total number of leaves on the
proliferated shoots can be easily explained
considering that the number of nodes (multi-
plication rate) and the number of leaves are
related because each node has two to three
leaves and so the total number of leaves is
related to the number of nodes.

Overall, the results show that an appro-
priate amount of neem oil can significantly
improve the regeneration of olive by mainly
improving the vigor of the proliferated
shoots, which were much longer, and by
reducing apical dominance with the conse-
quent development of secondary adventitious
shoots. Therefore, the higher fresh and dry
weights of the proliferated shoots were the
result of longer internodes/shoots and the
development of secondary adventitious sprouts
with the production of a larger number of
useable nodes (multiplication rate) (Tables 2
and 3). Improvements in the growth of the
explants of ‘Moraiolo’ or other olive culti-
vars have also been obtained by adding BAP
or dikegulac to the medium containing zeatin
(Ali et al., 2009; Mendoza-de Gyves et al.,
2008) or coconut water in combination with
BAP without zeatin (Peixe et al., 2007).
These results together with ours indicate that
there is potential for greater growth of pro-
liferated explants of olive and that neem oil is
a natural compound that could significantly
exploit this potential. The increase in
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Table 3. Main effects of two concentrations of neem oil added to the medium on the proliferation of
‘Moraiolo’ uninodal explants in three subsequent subcultures. Each value represents the mean of three

subsequent subcultures.

Neem oil  Explant survival Shoots Shoot length Internode length Fresh wt Dry wt
(mL-L™) (%) (n) (mm) (mm) (mg/explant) (mg/explant)
0.0 989 a 1.7a 249b 6.1b 3389b 49.8b
0.1 96.7 a 1.6a 434a 10.1a 7204 a 934a

All data were submitted to analysis of variance and means were separated with the Tukey’s test, using the
SISVAR statistical program. In each column, means followed by different letters are significantly different

for P = 0.05.

Table 4. Main effects of three subcultures on the proliferation of ‘Moraiolo’ uninodal explants obtained
with two different concentrations of neem oil in the medium (0.0 and 0.1 mL.L ") in three subsequent
subcultures. Each value represents the mean of the two concentrations of neem oil used in all the

subcultures.
Subculture Explant survival Shoots Shoot length Fresh wt Dry wt
(n) (%) (n) (mm) (mg/explant) (mg/explant)
1 96.7 a 1.8 a 339a 5438 a 735a
2 100.0 a 1.5a 327a 476.8 a 64.4 a
3 100.0 a 1.8a 372 a 568.4 a 76.9 a

All data were submitted to analysis of variance and means were separated with the Tukey’s test, using the
SISVAR statistical program. In each column, means followed by different letters are significantly different

for P = 0.05.

Fig. 1. Comparison between the vegetative behavior of explants grown on Olive Medium (OM) without
neem oil (left) and with 0.1 mL-L™! neem oil (right) (A). Vessel containing the explants grown with the
addition of 0.1 mL-L ™' neem oil (left) and without neem oil (right) (B). Details of proliferated shoots
obtained with the addition of 0.1 mL-L™" of neem oil in which the growth of secondary adventitious

sprouts is visible (C).

internode/shoot length of the proliferated
shoots is particularly important because it
has been reported that longer uninodal ex-
plants can be subcultured better (Sghir et al.,
2005). Moreover, obtaining more robust
explants is also important at the time of
transplanting to ex vitro conditions, because
vigorous plants are more capable of adapting
to the external environment (Demo et al.,
2008).

Neem oil contains several compounds
that are not easy to relate to a higher growth
(Devi and Maji, 2011; Djibril et al., 2015;
Kraus, 1995). However, it seems apparent
that the effects are not because of the addition
of nutritional compounds because the amount
of oil added to the medium was very low
(0.1 mL-L™") compared with the significant
increase in the proliferated dry weight that
occurred. Neem oil seems to act as a growth
promoter with effects that resemble those of
some growth regulators, such as gibberellins
and cytokinins (longer internodes and devel-
opment of secondary adventitious sprouts).
However, no data about the presence of these
substances in neem oil are available, although
these compounds are present in seeds. There-
fore, to further understand the mechanism
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through which neem oil produces its effects,
studies are needed to better characterize its
composition and to evaluate its effects also in
other conditions/species.

Conclusions

The addition of neem oil at a low concen-
tration (0.1 mg-L™") to the nutritive medium
was able to improve significantly the micro-
propagation of olive explants, causing the pro-
duction of longer shoots, increase in the
multiplication rate and, as an overall result,
increase in the total fresh and dry proliferated
weights. To our knowledge, this is the first
report of a significant and beneficial effect of
the use of neem oil on in vitro plant regener-
ation. Therefore, neem oil can be considered
a new “complex mixture” able to improve in
vitro shoot proliferation that can be added to the
others reported in the literature (Molnar et al.,
2011; Souza et al., 2013). The use of neem oil
as a “complex mixture” is very interesting
because shoot proliferation is improved by
using a natural compound, which is also
economical. Other studies are in progress to
further optimize the use of neem oil in olive and
to evaluate its effects on other species.
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