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Abstract: Asparagus officinalis L. is a herbaceous plant belongs to liliaceae family with semi-erect and branched
articulated branches and thick and white root, between 30 and 100 cm in length and 0.7 to 1 cm in thickness and
dioecious perennial herb and is native to the Asia, Africa and Europe. This study highlights micropropagation of
Asparagus officinalis L. through tissue culture techniques. Asparagus officinalis L. seeds were first washed
throughly under running tap water for two hour. And then seed were soaked with distilled water for 24 hours.
Seeds were then rinsed using 70%, 50%, 20% and 10% sodium hypochlorite followed by distilled water. This
series of seed sterilization was done sequentially. Subsequently seeds were rinsed with 70% ethanol and finally
with distilled water prior to culture. Seeds were cultured on Murashige and Skoog, 1962 (MS) basal medium
containing 8% agar technical and 30% sucrose. In vitro seed germination was observed within two weeks.
Complete plantlets were obtained after four weeks of culture. Explants such as stem and root will later be
transferred onto MS medium supplemented with various concentrations of plant growth regulator such as
Benzylaminopurine (BAP) and Napthalene Acetic Acid (NAA) to see further organogenesis response. The study
showed that in vitro propagation of Asparagus officinalis L. to develop new plantlets was successfully obtained.
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I. INTRODUCTION

Asparagus is a large genus comprising more than 150 different species of high economic value perennials crop with 2n =
20 as its chromosome number. It is grown worldwide and basically originated from Asia, Africa, and Europe [1].
Asparagus is the main genus of the liliaceae family [2], and it is the most economically important which is a highly priced
vegetable [3]. Asparagus is a popular vegetable because it is one of the first field crops to be harvested in spring and it
can provide both growers and consumers with an early season fresh commodity. As a dioecious crop, asparagus is
inevitably cross - pollinating. Male and female flowers are born on different plants. Generally, male plants have more
commercial advantages over the female plants. They have higher productivity [4] and produce more stalks [5].

The wild stock of this high value plant species has been rapidly diminished due to over exploitation and no efforts for its
replenishment has been undertaken till date. The conventional method of propagation of this plant is through seeds.
However, propagation of Asparagus officinalis L. through seeds is unreliable due to poor rate of seed germination and a
slim chance to survive under natural conditions. The conventional method is not attractive approach for the production of
abundant elite plants within a short period of time. In order to meet the extensive demand of this edible plant which also
has medicine properties, the alternative method to be employed in conserving its diminishing population is in vitro
culture. In vitro techniques are considered as easy and reliable methods for the rapid propagation of plants, especially
medicinally important plants [6] [7]. Large number of aseptic plants could be produced within short time using plant
tissue culture protocols.
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In fact, plant tissue culture is an alternative method for commercial propagation of abundant plant species that also
include plants with medicine properties [8]. In recent years, in vitro culture techniques have been increasingly receiving
interests because they not only offer a viable tool for mass multiplication, but they also offer germplasm conservation for
rare medicinal plants that are endangered and threatened [9], [10], [11], [12]. The in vitro technique increases the
availability of disease free stock plants and reduces culture space requirement as well as lowers the cost of production.

Il. MATERIAL AND METHOD

The seed of Asparagus officinalis L. (Garden asparagus) were obtained from Vaxer company in Malaysia. Seeds of
Asparagus officinalis L. were washed throughly under running tap water for two hour. And then seed were soaked with
distilled water for 24 hours in the plant science laboratory. Seeds were then surface sterilized with different
concentrations of sodium hypochlorite, 70% and 50% for 10 minutes and followed by 20% and 10% for 5 minutes. After
that, seed were rinsed throughly with distilled water for 5 minutes. Finally, the seeds were dipped in 70% ethanol for 1
minute and rinsed with sterile distilled water all over again in laminar flow cabinet. And then, they were dried on a sterile
filter paper. Seeds were germinated aseptically on MS (Murashige and Skoog, 1962) [13] basal medium supplemented
with 8% agar technical and 30% sucrose. This medium was used throughout this study as the basal medium. Culture were
incubated in dark photoperiod at 26°C .Seeds were germinated after 14 days of culture. Prior to germinating, cultures
were transferred to cool-white-fluorescent light room and incubated at 25 + 1°C with 16 hours light and 8 hours dark
photoperiod.

Stem and root explants excised from in vitro plantlets containing were then placed on MS medium containing 30 g/L
sucrose supplemented with various concentrations of BAP (0.5 - 2.0 mg/L) and NAA (0.5 — 2. 0 mg/L) (Tables I)(Table
I1). Media was solidified with 8 gram agar and autoclaved at 121°C at psi 21 minutes. Ph of media was adjusted to 5.8
prior to autoclaving. All cultures at 25 + 1°C under white fluorescent light of 40-60 p mol m-2 s-1 intensity for 16 hrs
light /8 hrs dark photoperiod were incubated. Total number of explants in each treatment was 30. Subculturing to a new
fresh medium was done after 4 weeks of cultures.

I11. STATISTICAL ANALYSIS

Each treatment consists of 30 samples and each culture tube contained three explants. Experiments were repeated twice.
Visual observations of the cultures were made every week and data related to frequency of organogenesis (regeneration
frequency, shoots induction and root induction). The program used was SPSS version 23.0. Data were analysed using
Duncan’s Multiple Range Test (DMRT). Mean with different letters in the same column differ significantly at p = 0.05.

IV. RESULT AND DISCUSSION

TABLE I: The Effect of Different Concentrations and Combinations of BAP and NAA on Stem and Root Explants
Cultured on MS Medium for Regeneration of Shoot at 25+1 °C with 16 Hours Light and Eight Hours Dark.

No Treatments Explants (Mean * SE)

Stem Root
1 0.5 mg/L BAP + 0.5 mg/L NAA 1.900 + 0.194, NR
2 1.0 mg/L BAP + 0.5 mg/L NAA 1.900 + 0.154, NR
3 1.5 mg/L BAP + 0.5 mg/L NAA 2.300 £ 0.263, NR
4 2.0 mg/L BAP + 0.5 mg/L NAA 2.733 £ 0.318 4.367 *+ 0.367,
5 0.5 mg/L BAP + 1.0 mg/L NAA 3.733 £ 0.2584 3.033 = 0.251,
6 1.0 mg/L BAP + 1.0 mg/L NAA 3.600 + 0.411 NR
7 1.5 mg/L BAP + 1.0 mg/L NAA 4.600 £+ 0.459, NR
8 2.0 mg/L BAP + 1.0 mg/L NAA 6.233 + 0.810, 4,967 *+ 0.621,
9 0.5 mg/L BAP + 1.5 mg/L NAA 5.266 + 0.465, 2.500 *0.929,
10 1.0 mg/L BAP + 1.5 mg/L NAA 3.767 £ 0.504 NR
11 1.5 mg/L BAP + 1.5 mg/L NAA 2.033 £+ 0.195, 0.500 + 0.929¢
12 2.0 mg/L BAP + 1.5 mg/L NAA 1.867 = 0.150, 1.800 + 0.388;
13 0.5 mg/L BAP + 2.0 mg/L NAA 1.833 + 0.160, 1.067 + 0.253,
14 1.0 mg/L BAP + 2.0 mg/L NAA 2.267 £ 0.203, NR
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15 1.5 mg/L BAP + 2.0 mg/L NAA 2.033 £+ 0.162, NR
16 2.0 mg/L BAP + 2.0 mg/L NAA 1.900 + 0.175, NR
17 0.0 mg/L BAP + 0.0 mg/L NAA 2.267 £ 0.291, 2.567 = 0.324,

*NR: Non Responsive

In this study, explants managed to rejuvenate shoots directly and indirectly when it was cultured in culture media. Direct
organogenesis occured when explants developed shoot and root after a few weeks cultured onto MS media supplemented
with various combinations and concentrations of hormones. In the meantime, indirect organogenesis occured when
Asparagus officinalis L. explants primarily formed callus and consequently the callus cells were differentiated to develop
shoots. Tables | and Il illustrated the response of stem and root explants cultured on MS media supplemented with
different concentrations of BAP and NAA, respectively. The main purposes of this study was to determine which explants
and hormone concentrations are the optimum in regenerating shoots. Therefore, evaluation was made derived from which
explants and hormone concentration that generated the highest of shoot regeneration in the shortest period of time.
Observations were made on the number of shoots and roots regeneration and also callus formation.

Normally, all explant responded as early two weeks when cultured on various culture media. Base on the the table I, for
stem explants, the highest shoot regeneration (6.233 £ 0.810) was obtained when explants were cultured on MS medium
supplemented with 2.0 mg/L BAP + 1.0 mg/L NAA (Fig. 1a). While, the lowest response for stem explant was when
explants were cultured on MS medium supplemented with 0.5 mg/L BAP + 2.0 mg/L NAA (1.833 £ 0.160)(Fig. 1b). At
the same time, root explants gave response to the eight treatment only. Root explants produced the highest shoot (4.967
+ 0.621) on MS medium supplemented with 2.0 mg/L BAP + 1.0 mg/L NAA (Fig. 1c). While, the lowest response for
root explant was when explant were cultured on MS medium supplemented with 0.5 mg/L BAP + 2.0 mg/L NAA (Fig.
1d). These results showed that regeneration of stem into complete plants was better compared to root explants. The
number of shoot differentiating from the shoot segments decreased with the 0.5 mg/L and 2.0 mg/L concentration of
NAA.

Fig. 1. Micropropagation of Asparagus officinalis L. (a) Shoot Regeneration from Stem Explant cultured on MS medium
supplemented with 2.0 mg/L BAP and 1.0 mg/L NAA; (b) Shoot Regeneration from Stem Explant cultured on MS medium
supplemented with 0.5 mg/L BAP and 2.0 mg/L NAA,; (c) Shoot Regeneration from Root Explant cultured on MS medium
supplemented with 2.0 mg/L BAP and 1.0 mg/L NAA; (d) Shoot Regeneration from Root Explant cultured on MS medium

supplemented with 0.5 mg/L BAP and 2.0 mg/L NAA
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TABLE II: The Effect of Different Concentrations and Combinations of BAP and NAA on Stem and Root Explants
Cultured on MS Medium for Regeneration of Roots at 25 &= 1°C with 16 Hours Light and Eight Hours Dark.

No | Treatments Explants (Mean = SE)
Stem Root

1 0.5 mg/L BAP + 0.5 mg/L NAA NR 3.233 £ 0.313q
2 1.0 mg/L BAP + 0.5 mg/L NAA NR 3.933 £ 0.310¢
3 1.5 mg/L BAP + 0.5 mg/L NAA NR NR

4 2.0 mg/L BAP + 0.5 mg/L NAA 3.300 £ 0.3114 3.700 £ 0.468,
5 0.5 mg/L BAP + 1.0 mg/L NAA 2.700 + 0.3624 5.067 £ 0.589;,
6 1.0 mg/L BAP + 1.0 mg/L NAA 2.300 £ 0.237¢ 3.433 £ 0.4714
7 1.5 mg/L BAP + 1.0 mg/L NAA 6.767 + 0.894, 8.067 £ 0.935,
8 2.0 mg/L BAP + 1.0 mg/L NAA 4.700 £ 0.638; 8.500 + 0.840,
9 0.5 mg/L BAP + 1.5 mg/L NAA 10.567 £ 0.841, 6.000 £ 0.670,
10 | 1.0 mg/L BAP + 1.5 mg/L NAA 1.533 + 0.133; NR

11 | 1.5 mg/L BAP + 1.5 mg/L NAA NR NR

12 | 2.0 mg/L BAP + 1.5 mg/L NAA NR NR

13 | 0.5 mg/L BAP + 2.0 mg/L NAA NR NR

14 | 1.0 mg/L BAP + 2.0 mg/L NAA NR NR

15 | 1.5 mg/L BAP + 2.0 mg/L NAA NR NR

16 | 2.0 mg/L BAP + 2.0 mg/L NAA NR NR

17 | 0.0 mg/L BAP + 0.0 mg/L NAA NR 3.133 + 0.454,

Table 4.2 described the response and development of rooting of Asparagus officinalis L. explant when cultured on MS
media supplemented with different concentrations of BAP and NAA. From the result, only seven treatment gave response
to the stem explant and nine treatment gave response to the root explant for rooting induction. Meanwhile, root explant
did not respond to all treatments. For stem explants, the highest root induction (10.567 =+ 0.841) was observed on MS
medium supplemented with 0.5 mg/L BAP + 1.5 mg/L NAA (Fig. 2a). Meanwhile, MS medium supplemented with 1.0
mg/L BAP + 1.5 mg/L NAA was identified as the non-responsive medium for rooting of stem explant with only 1.533 +
0.133 root per explant (Fig. 2b). Furthermore, only nine concentrations of MS medium reacted to the root explant in root
induction.

MS medium supplemented with 2.0 mg/L BAP + 1.0 mg/L NAA was the best concentration for rooting of root explant
with 8.500 * 0.840 root per explant (Fig. 2c), whereas MS medium without any hormone gave lowest result for rooting
of root explant with 3.133 + 0.454 root per explant (Fig. 2d). These result showed that root induction was better
achieved from stem explant. Overall, BAP hormone gave the impact in developing the growth of root for both stem and
root explants. Generally, all explants successfully formed shoots on all the hormone combinations tested. Root induction
was also observed from various hormone combinations. Observations was taken every week up to eight weeks of culture.
Subculturing was done after the shoots have appeared and attained height about more than 20 mm. The shoots were
individually separated from the plantlet clusters and transferred to initiate root induction and further shoot development.
MS medium supplemented with 0.5 mg/L BAP + 1.5 mg/L NAA was selected as the most suitable medium in
regeneration of Asparagus officinalis L.
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Fig. 2. Micropropagation of Asparagus officinalis L. (a) Root Induction from Stem Explant cultured on MS medium
supplemented with 0.5 mg/L BAP and 1.5 mg/L NAA; (b) Root Induction from Stem Explant cultured on MS medium
supplemented with 1.0 mg/L BAP and 1.5 mg/L NAA,; (c) Root Induction from Root Explant cultured on MS medium
supplemented with 2.0 mg/L BAP and 1.0 mg/L NAA;(d) Root Induction from Root Explant cultured on MS medium

supplemented with 0.0 mg/L BAP and 0.0 mg/L NAA

Initially, the study of in vitro regeneration of Asparagus officinalis L. was done. Many factors such as the type of explants
and hormonal effects on establishment of good regeneration system for this species have been studied in order to acquire
the best regeneration system for Asparagus officinalis L. Murashige and Skoog (MS) was used as the basic medium in
this study, which was chosen based on previous studies. For instance, [14] reported that MS media supplemented with
NAA alone or BAP alone were used as multiplication media for Asparagus racemosus Willd. Since culture medium is
one of the most important components of plant cell and tissue culture methods so it is important to identify the suitable
medium before further in vitro work can be done. Although MS medium was developed for garden asparagus (Asparagus
officinalis L.) it has proven suitable for a variety of liliaecae species and is currently the most widely used medium for
asparagus tissue culture [15]. It is also proven in this study that it was a suitable medium for Asparagus officinalis L.

Choice of explants is essential in indicating how micropropagation can be efficient [16]. Explant source is also crucial in
indicating morphogenetic and regenerative possibility that is significantly determined by the donor plant’s physiological
conditions [17] [18]. Donor plants maintained under conditions of clean and controlled environment guarantee explants
that are healthy and sterile [19]. The other factors that influence formation of organs in vitro also include the explants’
physiological age, type, and size [20]. Table | summarizes the results obtained when stem and root explants were cultured
on MS media consisting of various concentrations and combinations of BAP and NAA at 25+1°C for 8 weeks under 16
hours light and 8 hours dark. The medium containing 2.0 mg/L BAP + 1.0 mg/L NAA showed good response on shoot
regeneration. [21] has demonstrated that shoot number per explant increased with increasing BAP in Rauwoflia
serpentine. Most studies on shoot regeneration proved that BAP played good roles in shoot and bud inductions. The
studies include those done in regeneration of Swertia ciliata, Lycopersicon esculentum L., Asparagus racemosus wild and
Amomum subulatum whereby increasing concentrations of BAP were the best to generate shoot [22], [23], [24], [25].

In the present study, root formation for stem explant was induced through the addition of 1.5 mg/l NAA. The effect of 1.5
mg/l NAA depicts the highest root formation with 10.567 + 0.841 (Table Il). Fig. 2a showed the root initiation and
elongation. Addition more than 1.5 mg/L in the medium was not significant for root induction cause the explant were
become no response. Thus, for root formation of this plant, the use of NAA is generally considered to be one of the most
useful auxin for root formation. [24] concluded that NAA at various concentrations was effective in root formation on
wild Nepalese Asparagus racemosus, which might be attributed to its chemical stability, low mobility in the plant and
prolonged-action nature. NAA strongly excited the growth of root in Astragalus chrysochlorus [26]. Likewise, Pueraria
lobata Willd Ohwi, NAA induced formation of roots in other legume [27]. It is noteworthy to address that medium
containing auxin is commonly required in the process of in vitro root initiation, development, and elongation [28]. The
success of NAA promoting efficient root induction has also been reported earlier in Asparagus officinalis L. [29]. Auxin
is one of the major determinants for formation of root that develops to other biochemical pathways, resulting in plants’
various responses [30].
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V. CONCLUSION

In this study, micropropagation of Asparagus officinalis L. was successfully obtained. Stem and root explants have been
identified as the more regenerative explants for induction of shoot and root. Studies of Asparagus officinalis L. clonal
propagation could also be efficiency adapted for other crops in future research.
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