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SUMMARY

To obtain plantlets of drumstick tree (Moringa oleifera Lam.) with identical genetic make up for propagation or
field production, in vitro cultures of drumstick tree were produced. For multiple of shoot induction, the stem
explants of drumstick tree plantlets were cultured on Murashige and Skoog (MS) agar medium supplemented
with different concentrations of 6-benzyl adenine purine (BAP) and maintained at 25 + 2°C for 5 weeks. The
results showed that sterilization with 0.1% HgCl, solution for 8§ minutes gave a clear explant rate of 53.3% and a
germination rate of 51.7%. Multiple of shoot induction was present in the stem explants that were cultured on the
MS medium supplemented with BAP at the concentration range of 0.5 - 3.0 mg/l or the combination of BAP at
1.5 mg/l, TDZ at the range of 0.2 - 1.0 mg/l and NAA at the range of 0.2 - 1.0 mg/l. The MS medium containing
BAP at 1.5 mg/l was found to produce 95.3% shoot formation with the highest average number of 8.4 shoots per
explant. For plant regeneration, the shoot explants were cultured on 2 MS + 7 g/l agar + 15 g/l sucrose
supplemented with IBA and TAA at difference concentration root induction. The results showed that 2 MS + 7
g/l agar + 15 g/l sucrose supplemented with IBA at 0.3 mg/l and IAA at 0.2 mg/l produce 100% root formation
with the highest average number of 4.2 roots per explant and 3.5 cm in length. Tissue culture protocol reported in
this study is an alternative means of micropropagation of drumstick plantlets with uniform genotypes for

breeding selection and field production.
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1. INTRODUCTION

Drumstick tree (Moringa oleifera Lam.)
nowadays is currently commercially planted
and popularly utilized in more than 80
countries for medical, cosmetic, beverage
technology/production, and nutrient and
functional foods. Traditional propagation of
drumstick tree is by direct seedling. This
method takes between 3 - 14 days and results
in one plant per seed.

Drumstick trees obtained from seeds vary in
genotypes and hence in their phenotypes
leading to variation in fruit (pod) production
and nutritional values. Selected characteristics
of plants may be maintained via in vitro
propagation. Steintz et al. (2009) successfully
propagated Moringa oleifera Lam., Moringa
stenopetala (Baker f.) Cufod. and Moringa
peregrina Forssk. by using basal Murashige
and Skoog (MS) medium in the absence of
plant growth regulators. The in vitro
propagation was implemented by 3 following
steps: 1) multiple shoot regeneration from
cotyledonary node of decapitated seedlings, 2)
axillary shoot growth from single node shoot

segments and 3) rooting of excised shoots. This
article reported the multiple shoots induction
and regeneration of in vitro Moringa oleifera
Lam. plantlets from shoot cultures. Stem
explants of drumstick tree plantlets were used
as explants to shoot multiplication study in MS
medium in the presence of different
concentrations of 6-Benzyl adenin purine
(BAP) or BAP concentrations at 1.5 mg/l with
TDZ and NAA at different concentrations.
Shoots explants obtained from study of shoot
multiplication were continuously used for
multiple induction on MS or 2 MS medium
supplemented with 0.5 mg IBA/I and sucrose at
different concentrations. Regeneration of
drumstick plantlets was then explored by using
IBA and TAA at various concentrations. The
procedure reported in this article is useful for
regeneration of drumstick plantlets from shoots
which is a mean of propagation of plants with
the identical genetic traits for field studies.
2. MATERIALS AND METHODS
2.1. Plant materials

Seeds and young shoots of drumstick tree
were collected at Ninh Thuan province, Vietnam.
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2.2. Research methods
2.2.1. General method

The experiments were arranged in a
Completely Randomized Design (CRD) with
three replicates. All culture mediums were
adjusted to pH 5.8 before autoclaving at 121°C
for 15 minutes. The cultures were maintained
at room temperature (at 25 + 2°C), the light
intensity of 35 uE/m%/s and lighting time of 16
hours/day for 5 weeks.
2.2.2.  Preparation of Explant
Establishment of Sterile Cultures

Seeds are cleaned with diluted soapy water
(10%), rinsed with sterile distilled water. The
seeds were sterilized by NaClO solution (20%,
30%) and solution of HgCl, (0.1%) with
different  sterilizing time, then  wash
disinfectant with sterile distilled water, soak
seeds in sterile distilled water with a time of 20
minutes. The sterilized seeds were cultured on
MS medium supplemented with agar 7g/l and
sucrose 30g/1. The cultures were maintained in
the same condition at 25 + 2°C for 5 weeks.
Percentage of clean explants and clean
germinated explants were recorded.
2.2.3. Multiple shoot induction

Stem explants, from in vitro drumstick tree
plantlet, were cut into sections of size of 1.0 -
1.5 cm and transplanted into multiple shoot
regenerative medium: (1) (MS + 30 g/l sucrose

and

+ 7 g/l agar) supplemented with different BAP
concentrations at 0.5, 1.0, 1.5, 2.0, 2.5 and 3.0
mg/l. (2) (MS + 30 g/l sucrose + 7 g/l agar)
supplemented with BAP concentrations at 1.5
mg/l with TDZ concentrations at from 0.2 to
1.0 mg/l and NAA concentrations at from 0.2
to 1.0 mg/l. (3) MS or /2 MS + 7 g agar/l + 0.5
mg IBA/l and sucrose supplementation in
different concentrations. Percentage of shoot
formation, average shoots per explant and the
characteristics of explants growth were
recorded.
2.2.4. Plant regeneration

Shoot explants, from 1.5 at appropriate
concentration of BAP, were cut into the small
pieces and placed on the medium (1/2MS + 7
g/l agar + 15 g/l sucrose) supplemented with
IBA and TAA at different concentrations. The
concentration of IBA ranged from 0.2 mg/l to
0.8 mg/l, and IAA concentrations ranged from
0.2 mg/l to 1.0 mg/l medium. Percentages of
shoot and root formation, average shoots and
roots per explant and the characteristics of
explants growth were recorded.
3. RESULTS AND DISCUSSION
3.1. Preparation of Explant
Establishment of Sterile Cultures
3.1.1. Influence of defection concentration
and time with NaClO to clean explant
formation ability from seeds

and

Table 1. Effect of concentration and sterilization time by NaClO
on the ability to create clean explants after 2 weeks of culture

NaClO Time (minute)
Category concentration Average B
o 5 10
(Y0)
Clean explant rate (%) 20 70.8 1.7 81.2b
30 80.0 95.8 879 a
Average A 75.4b 93.7a
CV%=3.0; F5 ; Fg'; Farp™
Clean germinated explant 20 65.5¢ 87.5a 76.5 a
rate (7o) 30 70.0 b 54.2d 62.1b
Average A 67.7 70.5

CV%=3.0; F\™; Fg : Fasg

In the same average group, the values with the same accompanying characters do not have statistical
significance P < 0.05; *: statistically significant difference at P < 0.05; **: P < 0.01; ns: is a difference
not statistically significant; A: time factor; B: NaClO concentration factor.
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The

concentration

results showed that the
of NaClO and different
sterilization time had a statistically significant
(P < 0.05) effect on the rate of clean explants
of drumstick tree. In the same concentration of

study

NaClO, the more sterilization time increases,
the better rate of clean explants gets. At the
same time of sterilization, increase of the
concentration of NaClO also improved the rate
of clean explants. There was no interaction
between NaClO concentration and sterilization
time to clean the explant rate (P > 0.05). Using
30% NaClO, sterilizing for 10 minutes gave
the highest rate of clean explants (95.8%). In
contrast, using a concentration of 20% NaClO,
sterilizing for 5 minutes produced the lowest
rate of clean explants (70.8%).

Table 1 also showed that the concentration of
NaClO significantly affected (P < 0.05) to the
rate of clean regenerated explants. During 5
minutes of sterilization, the rate of clean
regenerated explants ranged from 65.5 to 70.0%
by increasing the concentration of NaClO from
20 - 30%; on the other hand, during the 10-
minute sterilization period, increase of NaClO
concentration reduced from 87.5% to 54.2% of
the rate of clean regenerated explants. There
NaClO
concentration and sterilization time to clean
regenerated explants (P < 0.05). In which the
combination of 20% NaClO concentration and

was an  interaction  between

10 minutes sterilization time gave the highest
rate of clean regenerated explants (87.5%); But
using 30% NaClO concentration sterilized in
10 minutes, the lowest rate of clean
regeneration explants was produced (54.2%).
The reason for sterilization with 20%
NaClO in 10 minutes gives better results than
30% NaClO could be that NaClO in high

concentration may be a strong disinfectant with

toxicity to the cell, so when increasing the
concentration, the ratio of clean explants
increases but the rate of clean explants
regenerated decreases.

3.1.2. Effect of concentration and sterlization
time with HgCl, on the ability to form clean
explants from shoots

In this study,

trees embryos were used as a source of

in addition, drumstick
research materials to develop propagation
processes. The experiment was also carried out
on the drumstick tree shoots collected from
build in

vitro drumstick tree propagation process.

well-grown mother plants to

The results of the sterilization of clean
explants from the shoots presented in Table 2
showed that when the
increased from 5 to 12 minutes, the rate of

sterilization time

clean explants increased from 18.3% - 75.0%,
respectively. However, prolonged sterilization
time (10, 12 minutes) gave a high rate of clean
explants but the rate of re-germinated clean
explants decreased (37.5% - 20%). This can be
explained that if the time of sterilization by
HgCl,
pathogens (bacteria, fungi) will be better but it

chemical increase, destruction of
also increases vulnerability of plant tissue. In
formula of 5-minute sterilization time, number
22/120

explants, accounting for 18.3%, which is the

of clean explants achieved was
lowest in this formula. But 22 clean explants
were capable of regenerating shoot. From 4
experimental treatments on sterilization time in
this study, the treatment of HgCl, 0.1%
sterilized for 8 minutes gave 53.3% of clean
explants and the highest germinated clean
explant rate of 51.7% on the number of
explants tested. This means that it is a suitable
formula to sterilize clean explants from the
shoots of drumstick tree.
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Table 2. Effect of sterilization time by HgCl, on the ability to form clean explants
from Drumstick tree shoots after 2 weeks of culture

Clean explant

Regenerated clean explant

. Time
Chemical inut No. of clean Clean explant No. of Regenerated clean explant
(minute) explants o regenerate clean
rate (%) rate (%)
(explant) explants
5 22 ¢ 183 ¢ 22 ¢ 183 ¢
HgCl, 8 64b 533D 62 a 51.7a
0.1%
10 87 a 72.5a 45b 375b
12 90 a 75.0a 24 c 20.0c
CV% 3.5 3.5 5.8 5.8
P <0.01 <0.01 <0.01 <0.01

Our results obtained were similar to those
published by various authors on other species.
Study of in vitro cultivation of the shoots of
Calamus tetradactylus Hance, Bui Van Thang
et al. (2013) used 0.1% HgCl, to disinfect
shoots twice (1* time from 5 - 7 minutes, 2"
time from 3 to 5 minutes) in shoot
Their results showed that the

sterilization time (Ist time: 7 minutes; 2nd

sterilizations.

time: 3 minutes) gave the best results and
produced a clean explant rate of 85.5% and a
clean regenerated explant rate of 76.3%.
Similarly, Vu Quang Nam et al. (2013)
reported that sterilization with 0.1% HgCl, for
7 minutes produced the best results and the rate
of clean explants reached 72.0%, the rate of
regenerated clean explants reached 87.6% in in
vitro propagation of Celastrus hindsii.
3.2. Multiple of shoot induction
3.2.1. Effect of BAP content on shoot
formation

In plant tissue culture, BAP plays a very
important role in strongly stimulating shoots
formation, determining multiplier and shoots
quality. According to reports of Joarder et al.
(1993), BAP of cytokinin group is suitable for
development of shoots of Neem tree, induction

of shoot formation in woody plants (Zamam et
al., 1991, Thakur et al., 1997). Using BAP in
the shoot formation induction of drumstick
tree was also reported by Eufrocinio (2010),
Thidarat et al. (2011) and Saini et al. (2012).
These authors reported that using the same
concentration of BAP growth regulator for
different varieties of drumstick tree produced
different shooting rate and the number of
regenerated shoots. In our study, effect of
concentration of BAP growth regulator (ranged
from 0.5 - 3.0 mg/l) on the regeneration of
shoots for a  variety  of drumstick
tree originating from Ninh Thuan province was
investigated.

The shoots  of  drumstick

regenerated after 2 weeks of culture on the

tree were

starting medium. The stems were cut into small
pieces of size 1.0 - 1.5 cm, transplanted into
the induction medium to form the shoots. In
this experiment, MS medium was used and
supplemented with BAP with different
concentrations, such as 0.5 mg/l; 1.0 mg/l; 1.5
mg/l; 2.0 mg/l; 2.5 mg/l; and 3.0 mg/l
Experimental results were collected after 3
weeks and presented in table 3.
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Table 3. Effect of BAP content on the ability to form multiple shoots

Formula (I'i:;};) re;jl‘:rzfed N()/;g;ls:z:ts Shoot length (cm)
shoots (%)
MSO0 0.0 65.0 1.2 2.5
MS1 0.5 74.3 23 2.7
MS2 1.0 90.3 5.8 4.5
MS3 1.5 95.3 8.4 4.2
MS4 2.0 90.0 4.5 2.1
MSS5 2.5 70.3 33 22
MS6 3.0 72.7 2.5 1.7
CV% 2.78 5.21 4.37
P <0.01 <0.01 <0.01

Table 3 showed that there were statistical
differences (p < 0.01) between the experiment
treatments. In the medium without BAP
supplementing (MS0), the explants still
regenerated shoots at the rate of 65% and the
average number of shoots/explant was 1.2
shoots. The medium supplemented with BAP

concentration of 0.5 - 3.0 mg/l gave the rate of
regeneration of shoots > 70.5% and the average
number of shoots/explant > 2.3, higher than the
non-BAP-supplementary medium. BAP growth
regulator had a significant effect on the rate of
shoot regeneration from drumstick tree when in
vitro cultured.

Figure 1. Drumstick tree shoots on MS medium supplemented with 1.5 mg/l BAP

The nutrient medium formula of MS
supplemented with BAP concentration from
1.0 to 2.0 mg/l gave a high rate of shoot
regeneration (> 90%), the average number of

shoots/explant ranged from 4.5 to 8.4 shoots.
Among 7 experimental formulas, the medium
formula supplemented with 1.5 mg/l BAP
produced the highest rate of shoot regeneration
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(95.3%), average number of shoots/explant
(8.4 shoots) and the average length of shoots
(reached 4.2 cm). Using lower BAP (0.5 mg/l)
or higher BAP (2.5 - 3.0 mg/l) concentrations
produced lower the rate of shoot regeneration
(70 - 74%), average number of shoots/explant
(2.3 to 3.3 shoots) and shoot length than the
best medium formula. Our study results
obtained here are similar to those published by
various authors. Thidarat et al (2011) studied in
vitro propagation of drumstick tree originated
from Chiang Rai province, Thailand and
reported that using a concentration of 1 - 2
mg/l BA produced the shoot regeneration rate
of 100%, average number of shoots/explant
ranged from 5.2 - 10.8 shoots, higher than
those when using BA at other concentrations.
When using BAP concentration of 1.0 - 2.0
mg/l in  Micropropagation  of drumstick
tree (Variety-PKM1) originated from the
Indian University of Agricultural Sciences also
produced the highest rate of regenerating
shoots from 90 - 94% and the average number
of shoots/explant was 8.3 - 9.0 shoots (Saini et
al., 2012). Therefore, using BAP or BA at a
concentration of 1.0 - 2.0 mg/l for the period
of drumstick tree shoot regeneration can be
suitable. Previous results of various authors

also show that the difference of drumstick
tree origins  significantly  affected  the
regeneration rate and the number of

shoot/explant. In our micropropagation
of drumstick tree from Ninh Thuan province in
shoot regeneration period, explants were

cultured on a nutrient medium of MS + 30 g/l
sucrose + 7 g/l agar supplemented with 1.5
mg/l BAP, which is the best medium formula
among experimental medium formulas.

3.2.2. Effect of BAP, TDZ, NAA combination
on shoot formation

Besides  supplementing BAP  growth
regulators of 1.5 mg/l, in this experiment TDZ
and NAA at different concentrations (TDZ: 0.2
mg/l; 0.5 mg/l; 1.0 mg/l; va NAA: 0.2 mg/l; 0.5
mg/l; 1.0 mg/l) were supplemented to
determine the combination of growth
regulators with suitable concentration for shoot
formation of drumstick tree, 1in culture
medium.

The results showed that when using 1.5 mg/1
BAP growth regulator in combination of 0.2 -
1.0 mg/l TDZ and NAA growth regulators
produced the rate of shoot formation ranged
from 60.5 to 85.7% and the number of
shoots/explant ranged from 2.1 to 6.2 shoots
(Table 4), lower than the shoot formation
culture medium by supplementing with only a
single BAP of 1.5 mg/l (rate of shoot formation
of 95.5%, the number of shoots/explant was
8.4 shoots). Reports of various authors also
show that using single BAP produced the best
result inin vitro propagation of drumstick
tree at the multiple shoots formation. When
using other substances (like TDZ, NAA, IBA),
the ratio of shoots formation and the number of
helpful shoots/explant were low (Eufrocinio,
2010; Thidarat, 2011; Mylene and Evalour,
2011).

Table 4. Effect of BAP, TDZ, NAA combination on shoot formation

; Shoot
Medium BAP TDZ (mg/l) NAA regenration No. of shoots Shoot length (cm)
formula (mg/1) (mg/1) o /explant

rate (%)

MS7 0.2 0.0 85.7 6.2 3.8
MSS8 0.5 0.0 72.5 53 4.0
MS9 15 1.0 0.0 60.5 5.0 2.7
MS10 ’ 0.0 0.2 75.0 34 2.5
MSI11 0.0 0.5 68.8 2.2 2.0
MS12 0.0 1.0 63.0 2.1 1.5
CV% 3.73 1.47 4.92
P <0.01 <0.01 <0.01
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Study on the combination of growth
regulators (treatment MS7 — MSI12) showed
that the formula of medium (MS7)
supplemented with BAP 1.5 mg/l and TDZ 0.2
mg/l produced the rate of regenerated shoots of
85.7% and 6.2 shoots per explant, the highest

formula of medium in our experiment.
Medium formula supplemented with 1.5 mg/l
BAP and 1.0 mg/l NAA produced the lowest
rate of multiple shoots formation, number of

shoots/explant and shoot length.

Figue 2. Drumstick tree shoots on MS medium supplemented
with 1.5 mg/l BAP and 0.2 mg/l TDZ

3.3. Plant regeneration
3.3.1. Effect of nutrient medium and sucrose
content on root formation

In in vitro propagation, the nutrient medium
greatly affects on growth and development of
the plant. It do not only influence on the shoot
formation, but also affect significantly on root
formation. For each plant species, nutritional
needs at the stage of rooting are significantly
different. The period of complete plant
formation often reduces mineral nutrients
content and especially the sugar content for
sturdy plantlets, better adaptation when
plantlets planted in natural environment. After
2 weeks of culture on root formation medium,
the results were presented in table 5. There was
an interaction between the nutrient medium
and sucrose content effected on the rooting rate
(P < 0.01); in which the highest rooting rate
from shoot (90%) obtained from the interaction
of 15 g/l sucrose content with both MS and 2

MS mediums, the lowest rate was 60.6% from
the interaction of 10 g/l sucrose content with
MS medium.

The interaction between nutrient medium
and sucrose content (P < 0.01) also affected
on the root length of drumstick tree. The
interaction between sucrose content of 15 g/l +
72 MS produced the highest root length of 3.6
cm, while the interaction between sucrose
content of 10 g/l + MS produced the lowest
(2.0 cm).

There was no interaction between nutrient
medium and sucrose content (P > 0.05) affected
on the number of roots/shoots. However, the
independent effect of each factor was
statistically significant (P < 0.01), in which the
combination of sucrose content of 15 g/l +
MS produced the highest number of roots per
shoot (4.8 roots), and sucrose 10 g/l + MS
produced the lowest roots (3.2 roots).
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Table 5. Effect of nutrient medium and sugar content on root formation of drumstick tree

after 2 weeks of culture
Category Sltgl(;se MS 1/2MS Average B
10 60.6 ¢ 652 ¢ 62.9d
. 15 90.0 a 90.0 a 90.0 a
Rooting rate (%) 20 82.6 ab 90.0 a 86.4 b
30 70.2b 72.3Db 712 ¢
Average A 7590 793 a
CV%=1.9;Fs ;Fy :Fasp
10 32 3.5 34d
15 4.4 4.8 4.6a
No. of roots/shoot 20 41 45 43 b
30 4.0 4.2 4.1c¢
Average A 39b 43a
CV%=2.7;F5 ; Fg :Fasg™
10 20f 25e 23¢
15 25e 3.6a 3.1a
Root length (cm) 20 2.7 de 34b 3.1a
30 2.8d 30c¢ 29b
Average A 2.5b 3.1a
CV%=1.5;Fs ;Fg :Fasp
10 + ++
+ ++
Plant quality ;(5) N N
30 + +

Plant quality: + bad quality trees (trees have full leaves and roots, but the roots appear large scar tissue),
++ good quality plants (trees have full leaf stems, roots, root parts appear small scar tissue);, +++ plants
are of good quality (trees have full leaf stems, roots, root parts do not appear scar tissue).

Monitoring process showed that all of
the drumstick tree plantlets appeared callus at
the root base, which affecting plant quality in
plant transfer. This result is similar to some
previous publications (Eufrocinio, 2010;
Mylene and Evalour, 2011; Thidarat, 2011;
Lalida, 2013). The medium of MS + 7 g agar/l
+ 15 g sucrose/l + 0.5 mg IBA/I supplemented
with 15 g sucrose/l and the medium of 2 MS +
7 g agar/l + 15 g sucrose/l + 0.5 mg IBA/]
supplemented with 15 — 20 g sucrose/l
produced the highest rate of rooting (90%).
The medium of 2 MS + 7 g agar/l + 15 ¢
sucrose/l + 0.5 mg IBA/I supplemented with 15
g sucrose/l produced the highest number of
roots forming per shoot (4.8 roots), root length
of 3.6 cm and the root base appears only small
callus, as well.

In summary, the basic nutrient medium to

culture drumstick tree shoots in the period of
forming complete plantlet is 2 MS and 15 g
sucrose/l.

3.3.2. Effect of concentration of IBA and IAA
on root formation

After determining the basic nutrient medium
and appropriate sugar content, our experiments
continued conducting tests of suitable type and
content of growth regulators for studying effect
of these growth regulators on the rooting
ability of the shoot in period of rooting and
form complete plantlets.

Shoot explants were cut and transplanted to
the root formation induction medium. Using
rooting medium formula 1/2MS + 7 g/l agar +
15 g/l sucrose supplemented with different
concentrations of IBA and TAA. After 2 weeks
of culture under lighting conditions, the
obtained results were shown in table 6.
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Table 6. Influence of IBA and IAA on root formation of drumstick tree

Formula IBA IAA % No. of Root length Plant quality
(mg/l) (mg/l) Rooting roots/shoot (cm)

R9 0.0 0.0 0.0
R10 0.2 0.0 82.5 4.0+0.30 2.6+0.25 ++
R11 0.4 0.0 100 4.6+0.53 2.84+0.20 ++
R12 0.8 0.0 75.0 42+043 1.8+0.34 +
R13 0.0 0.2 90.2 4.0+0.62 2.5+0.44 ++
R14 0.0 0.5 100 3.8+0.57 2.24+0.63 ++
R15 0.0 1.0 100 3.5+£0.36 1.5+ 0.60 +
R16 0.2 0.2 92.8 3.8+0.65 3.0+£0.40 +++
R17 0.3 0.2 100 42 +0.40 3.5+0.33 +++
CV% 1.36 291 5.41

P <0.01 <0.01 <0.01

The results obtained in Table 6 showed
that after 2 weeks of culture on basic nutrient
medium without growth regulators (R9), 100%
of cultured shoots did not have the roots. In the
medium formulas supplemented with IBA or
IAA  with different  contents, drumstick
tree shoots rooted. However the rates vary
significantly (ranged from 82.5 - 100%). The
average number of roots/shoot and root length
(ranged from 3.5 to 4.6 roots and 1.5 to 3.5 cm,
respectively. Combined medium formula (R16
and R17) supplemented with IBA or [IAA at
small content (0.2 - 0.3 mg/l IBA and 0.2 mg/l
IAA) produced rooting efficiency of 92.8 —
100%, the average number of roots of 3.8 — 4.2
roots/shoot and root length of 3.0 — 3.5cm,
better plant quality than others (The root part
did not appear callus). Saini et al. (2012)
reported similarly that the period of rooting
from shoots of drumstick trees of Indian origin

on nutrient medium supplemented with 2.85
uM TAA and 4.92 uM IBA produced the
rooting rate of 100%, 15 roots/shoot and
average root length of 8 cm. When culture
medium supplemented with IBA and NAA at
high concentrations (0.8 - 1.0 mg/l), the rooting
rate of drumstick tree shoots was relatively
high, however, shoots appeared large scar
tissue at their base, affecting the plantlet
quality.

According to the study conducted by
Hongfeng and Qiang (2008), the best rooting
stimulating medium for drumstick trees shoots
was 72 MS + 0.4 mg/l IBA + 0.2 mg/l NAA +7
g/l Karagum + 20g/1 sucrose. Eufrocinio (2010)
reported MS medium supplemented with 30 g/l
sucrose + 5.0 g/l agar + 0.25 uM NAA
produced the highest rooting rate, with 6.8
roots per shoot after one week of culture.

Figure 3. Complete in vitro Moringa oleifera roots

JOURNAL OF FORESTRY SCIENCE AND TECHNOLOGY NO. 8 (2019) 11



Biotechnology and Seedling

From our study results, the medium formula of
72 MS + 7 g/l agar + 15 g/l sucrose supplemented
with IBA at 0.3 mg/l and IAA at 0.2 mg/l produced
100% rooted plants, complete plantlets which
ensure eligibility for taking outside at nursery.

4. CONCLUSION

The disinfection formula for in vitro culture
from Moringa oleifera shoot was 0.1% HgCl, for
8 minutes.

The most suitable nutrient medium formula to
regenerate and form multiple shoots ofin
vitro drumstick tree was: MS + 30 g/l sucrose + 7
g/l agar + 1.5 mg/l BAP. It produced the rate of
regenerated shoots of 95.5%, the average number
of shoots/explant of 8.4 shoots and the average
shoot length of 4.2 cm, good quality of shoots.

The best rooting medium formula was: /2 MS
+ 7 g/l agar + 15 g/l sucrose + 0.3 mg/l IBA +0.2
mg/l TAA produces 100% rooting rate, the
average root number of 4.2 roots/shoot, the
average root length of 3.5 cm, plants grow well.
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XAY DUNG KY THUAT NHAN GIONG IN VITRO
CAY CHUM NGAY (Moringa oleifera Lam.)

Mai Hai Chau' Nguyen Minh Quang
"Phan hleu Truong Dai hoc Lam nghiép
’Truwong Pai hoc Lam nghiép

TOM TAT

Hién nay ¢ Viét Nam phuong phap nhan glong cay Chum ngéy chu yeu bang hat va gidm canh, tuy nhién cac
phuong phap nay c6 nhirng nhugc diém. Dé khic phuc va tién t6i cung cap voi so lugng 16n glong Chum ngdy cho
san xuat trén quy mé 16n, c6 nhimg dac tinh vu viét va dong nhét. Nghién ctu nay trinh bay két qua nhan giéng
Chim ngay hoan chinh trong diéu kién in vitro. Két qua nghién ctru cho thay khir tring bang dung dich HgCl, 0,1%
trong thoi gian 8 phit cho ty 1€ mau sach 53,3% va ty 1€ mau nay mam 51,7%. Cong thirc moi trudng cam tng tao
da chdi str dung méi truong MS bd sung BAP & ndng d6 khac nhau: 0,5 - 3,0 mg/l hoic t6 hop BAP 1,5 mg/l, TDZ:
0,2 - 1,0 mg/l va NAA: 0,2 - 1,0 mg/l. Mdi truong MS b6 sung 1,5 mg/l BAP cho ty I¢ mau tai sinh ch01 cao nhat
(95,3%), s6 chdi trung binh/mau ciing cao nhat 8,4 chdi va chiéu dai trung binh cta chdi dat 4,2 cm. Déi voi cam
mg tao ré va tai sinh cay hoan chinh, cac chdi Chuim ngdy in vitro ¢6 14 dat ti€u chuan kich thudc (dat tir 3 - 5 cm)
duoc cit va chy chuyén sang méi truong cam ung tao re (1/2MS + 7 g/l agar + 15 g/1 sucrose) b6 sung IBA va IAA
voi cac ndng do khac nhau. ~Ket qua cho thay mdi truong dinh dudng cam Ung tao re b6 sung 0,3 mg/l IBA va 0,2
mg/l IAA cho ty 1€ chéi ra ré 100%, so ré/choi dat cao nhat 4,2 ré va chicu dai re dat 3,5 cm.

Tir khéa: Cam ng tao chdi, cim ng tao ré, ciy Chum ngay, tai sinh cay.
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