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ABSTRACT

Aims: In-vitro produced microrhizomes in ginger are favored as planting material over other
conventional planting materials as they are free from soil born pathogens. This study was
conducted to develop an efficient protocol for production of healthy microrhizomes including the
investigation of effect of different growth regulators, sucrose concentration and photoperiod
exposure levels.

Place and Duration of Study: The entire study was conducted in plant tissue culture research unit
of the Department of Export Agriculture, Walpita, Sri Lanka between November 2013 and August
2015.

Methodology: In-vitro produced shoots established in hormone free medium were cultured in
Murashige and Skoog (1962) (MS) medium fortified with eight treatments of 6-benzylaminopurine
(BAP) (0.0, 2.0, 0.4 and 6.0 mg L™ of BAP) and Naphthalene acetic acid (NAA) (0.1 and 0.2 mg L™
of NAA) structuring in factorial design to study the effect of growth regulators for formation of
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microrhizomes. In-vitro produced shoots were cultured on MS medium fortified with different
concentration of sucrose (30, 60, 90 and 120gL™) separately. Effect of the solid/liquid nature of the
medium and the different photoperiod level on induction of microrhizome was also studied.

Results: Results revealed that medium containing 4.0 mgL'1 BAP with 0.1 mgL'1 NAA showed the
best response followed by 6.0 mgL™ BAP with 0.1 mgL™ NAA for induction of microrhizomes within
60 days. Increased level of NAA did not enhance mocrorhizome induction. Results of different
concentration of sucrose revealed that MS medium fortified with 90 g L™sucrose recorded the
highest fresh and dry weight of microrhizomes followed b}/ the treatment with 60 g L™ sucrose.
However, plantlets supplemented with more than 90 g L™ of sucrose exhibited lower weight of
microrhizomes, but higher root induction and root fresh weight probably due to accumulation of
water. Different photoperiod exposure levels revealed that 16 hrs of light and 4 hrs of dark condition
with solid medium produced highest fresh weight (3.72 g) and highest number of microrhizomes
(9.6).

Conclusion: Murashige and Skoog (1962) medium supplemented with 4 mgL™ BAP, 0.1 mgL™
NAA and 90 gL™ sucrose in solid form with 16-h photoperiod for 10 weeks of culture duration were

the best conditions for induction microrhizomes in ginger, cultivar Local.

Keywords: Growth regulators; media; microrhizome; photoperiod.

1. INTRODUCTION

Ginger (Zingier officinale Rosc.) of the family
Zingiberaceae is an important herbaceous plant
primarily used as a spice and in medicine at the
global level. Commercially it is grown for its
aromatic rhizomes, which are utilized in herbal
medicine, food, beverage and form of important
raw materials in pharmaceutical industries [1].
Rhizomes of local ginger are small and the
fibrous flesh is somewhat ash-white in color. The
taste and the aroma of local ginger is
comparatively higher than other imported
varieties. The use of rhizomes is a routine
vegetative propagation method for Zingiber
officinale, and many rhizomes are required
because the efficiency of vegetative propagation
is low. According to Bhagyalakshmi and Singh
[1], conventional multiplication produces only 10-
15 lateral buds from the rhizome of a single plant
after 8 months. Rhizome is the economically
used part of the ginger plant. Therefore it
restricts the availability of ginger rhizome seeds,
needs for the cultivation. The availability of good
quality seed is a major constraint in ginger seed
production due to progressive accommodation of
diseases and pest in seed stocks. It is reported
that the three-fold increase in the production of
rhizomes could be possible by the effective
control of the diseases [2]. Moreover since
pathogenic fungi, bacteria or viruses are readily
transmitted through traditional practices, it is
important to develop a micro propagation
techniqgue and to make available the pathogen
free ginger germplasm for commercial use.
Availability of good quality healthy rhizome is a
pre-requisite for a successful ginger industry.

The in-vitro technique is applied to overcome the
seed needs in the formation of micro rhizome.
Ginger microrhizomes were induced by few
authors i.e. Sharma and Singh [3] who found
that, MS medium supplemented with 8 mg/L BAP
produced the microrhizomes. Bhat et al. [4] and
Zheng et al. [5] indicated that, ginger rhizome
formation in-vitro is affected by many factors,
including photoperiod, mineral nutrition, culture
methods (liquid or solid culture), and carbon
source. In addition, Rout et al. [6] concluded that,
the indication under 24-h photoperiod helped in
production of ginger rhizomes and Roh et al. [7]
reported that young plantlets of ginger formed
rhizomes when cultured on MS medium
containing sucrose 90 gL™. And also Archana et
al. [8] developed ginger microrhizome protocol
for large scale production using MS medium
supplemented with externally added Ammonium
nitrate.

There are many advantages in in-vitro produced
microrhizomes over conventional planting
materials. Microrhizomes can be easily stored
and transported as they do not require any
culture medium or any other special measures to
prevent contamination. Microrhizome can be
used for germplasm conservation because it is
more efficient and can be stored longer duration)
[9]. Tyaagi et al. [10] and Annisuzzaman et al.
[11] have stated that micro rhizome can be
planted directly without acclimatization process.
Recently in-vitro formation of storage organs
such as bulbs, corms, tubers and rhizomes came
into focus because they can be used as a
pathogen free seeds and especially
microrhizomes are recommended to use in



regions with high disease pressure. Hence, the
present investigation was carried out to highlight
an effective, reliable and reproducible protocol
for in-vitro production of ginger microrhizomes.
Therefore, in this study, experiments were
designed to find out the best concentration of
cytokinin and sucrose and photoperiod exposure
level for successful production of microrhizome in
Ginger.

2. MATERIALS AND METHODS

2.1 Culture Initiation for Microrhizome

Induction

Aseptic shoots approximately 3-4 cm long, which
were derived from the in-vitro established culture
of Local variety of ginger were used as explants
for induction of microrhizomes. After separating
the fully grown shoots originated from the axillary
rhizome buds, the small shoots with the size of 3-
4 cm long were again cultured on fresh medium
without any growth hormone for another four
weeks to avoid carryover effects of growth
regulators.

2.2 Detection of the Effect of Growth
Regulators on Microrhizome
Induction

In-vitro produced shoots with 3-4 cm shoot
height, established in hormone free medium,
were cultured in Murashige and Skoog (1962)
[12] (MS) medium fortified with eight treatments
of 6-benzylaminopurine (BAP) (0.0, 2.0, 0.4 and
6.0 mg L™ of BAP) and Naphthalene acetic acid
(NAA) (0.1 and 0.2 mg L™ of NAA) structuring in
factorial design to study the effect of growth
regulators for formation of microrhizome. Each
treatment consisted of 10 individual culture
bottles to provide 10 replicates. Data in each
culture bottle were recorded separately on
number of rhizomes, fresh weight of rhizome,
number of buds, shoot height, and number
leaves after 60 days of culturing.

2.3 Detection of the Effect of Sucrose
Concentration on Microrhizome
Induction

In-vitro produced shoots with 3-4 cm shoot height
established in hormone free medium were
cultured on MS medium supplemented with 4
mgL'lBA, 0.25 mgL'1 NAA and different
consecrations of sucrose (30, 60, 90, and 120
gL™) separately. All the cultures were incubated
at 26+x2C with 16/8 hr light and dark period.
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Data were collected on number of buds, shoot
height, number of leaves, wet and dry weight of
shoots, roots and rhizome.

2.4 Detection of the Effect of Photoperiod
and Solid/Liquid form of the Medium
on Formation of Microrhizomes

In-vitro produced shoots with (about 3-4 cm
height established in hormone free medium were
collected and cultured on solid and liquid forms
of MS medium supplemented with 4 mgl'lBA,
0.1 mgL'1 NAA, and 90 gL'lsucrose. Varying
level of photoperiod 0 (dark) hr, 4 hr, 8 hr and
16 hr were provided to examine their effect on
formation of microrhizome and all the cultures
were incubated at room temperature (26x2<C).
Data were collected on, number of
microrhizomes, fresh weight of microrhizome,
number of shoots, shoot height, shoot and root
fresh weight and percentage of cultures that
induced microrhizomes.

2.5 Data Analysis

The data were analyzed by ANOVA using SAS
9.2 software. Means were compared by the least
Significant Difference (LSD ¢ gs).

3. RESULTS AND DISCUSSION

3.1 Effect of BAP and NAA on Induction
of Microrhizomes

The results obtained in the present investigation
using different concentration of growth regulators
showed a significant influence on microrhizome
production. Swelling of basal portion was
observed after 25-30 days. Among the 8 different
combinations of growth regulators, 4 mgL™ BAP
together with 0.1 mgL'1 NAA exhibited a better
response than the other treatments in terms of
mean number of microrhizomes (8.16) (Table 1).
However, it did not show any promising result on
weight gaining of microrhizomes. In this medium
maximum weight obtained was not exceeded
0.625 g and it may be due to low strength (3%) of
sucrose. There was no significant difference
between the treatment with 4 or 6 mgL™ BAP
with either 0.1 mgL™ or 0.2 mgL™ NAA in the
formation of number of microrhizomes.

Sharma et al. [13] have reported that optimum
production of microrhizome has been achieved
in turmeric cultured in MS basal medium
supplemented with 5.0 mgL™ BAP and 0.5 mgL™
NAA. However in the present study, increase of



NAA did not directly affect on increasing of the
number and the weight of the microrhizomes but
the shoot growth was increased considerably.
Shirgurkar et al. [14] reported that 5 mgL"BAP
completely inhibited microrhizome production
and producing only multiple shoots in turmeric.
According to their results, weight of the
microrhizome was gradually increased up to
4.0 mgL'1 BAP. Nayak [15] and Sharma and
Singh [3] have also reported that 5 mgL™ BA in
C. aromatica and 8 mgL’ BA in ginger
respectively enhanced the  microrhizome
production. Abbas et al. [16] stated that MS
medium supplemented with 9 mg/l BAP indicated
the best results of in-vitro rhizome formation
under light conditions while supplementation of
MS medium with 6 mg/l BAP was more favorable
for microrhizomes induction under darkness in
ginger. Observations of our study are in
accordance with the results reported by
Anisuzzaman, et al. [11] who reported that
highest frequency of rhizome induction was
recorded in 4.0 mg L-1 BAP containing medium.
in Curcuma zedoaria.

3.2 Effect of Sucrose on Microrhizome
Induction in Ginger

Ginger plantlets in the MS medium containing 90
gL™ sucrose showed the highest weight of
microrhizome with mean value of 8.553 g (wet)
and 0.771 g (dry) followed by the medium with
60 gL'l sucrose (Table 2). Basal part of the
shoots started swelling after 20 days of culturing,
which could be a signal for processing of rhizome
formation. During this period, cultures produced
a fresh aromatic odor.

Rhizome formation was induced in-vitro at the
basal region of each shoot when the
concentration of sucrose was increased from
30 gL'l to 90 gL'l. However, by increasing the
concentration of sucrose from 90 gL-! t0120 gL-",
a high number of small shoot buds were induced
(Table 2) while rhizome fresh and dry weight
were slightly decreased. Similar results, high
number of in-vitro shoot buds, were obtained by
Al-Khateeb [17] on date palm (Phoenix
dactylifera L.) and the paper reported that this
kind of increment in shoot bud formation was due
to the osmotic stress created by high amount of
sucrose.

Present results was comparable to the report of
Abbas et al. [16] who also reported that MS
medium supplemented 60-90 g/L sucrose were
the best level of carbon source for induction of
ginger microrhizomes. Islam et al. [18] also found
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that, nine percent sucrose was to be the most
suitable for microrhizome production and gave
the largest microrhizome of Curcuma longa in-
vitro. Singh et al. [19] have shown that 8%
sucrose was the optimum level for induction of
microrhizome in ginger varieties. The enhanced
rate of in-vitro microrhizome formation with
increasing concentration of sucrose may be
attributed to the presence of high carbon energy
in sucrose since rhizomes mostly contain
carbohydrates and sucrose [15]. Arora et al. [20]
reported that high concentration of sucrose
remarkably promotes the in-vitro formation of
storage organs such as bulbs, corms and tubers.
Abbott and Belcher [21] stated that the sucrose is
the most critical stimulus for tuber induction of
potato. Chirangini and Sharma [22] who studied
the induction of microrhizome in Zingiber
cassumunar reported that, 0.81 g of average
fresh weight was observed on MS medium
supplemented with 5% sucrose. Furthermore,
Martin [23] found that, the bulbs were formed at
the base of each shoot on medium
supplemented with 6% or 8% sucrose and
exhibited an increased tendency to develop into
microrhizomes in Ipsea malabarica. EI-Sawy et
al. [24] reported that sucrose was an important
factor for microtuber formation and the highest
tuber formation was achieved when 12% sucrose
was added to the culture medium of potato.
Ondo et al. [25] also reported about mass
production of microtubers with large sizes in yam
cultured in high sucrose containing media. In the
present study, among the different concentration
of sucrose, MS medium supplemented with 120
gL™ sucrose exhibited the low weight in wet and
dry form of microrhizome (5.330 g-wet and 0.583
g-dry) and the highest root formation with
average of 12.191 g of fresh root weight.
However the amount of dry matter content of the
roots was reduced to 0.374 g. Accordingly it can
be assumed that the amount of accumulation of
water may increase with the increased
concentration of sucrose and it probably be due
to the induction of water stress related signaling
pathways. We have experienced similar results
in ginger cultivations at the field level under the
water stress condition.

3.3 Effect of Photoperiod and Solid/Liquid
Form of the Medium on Formation of
Microrhizome

Microrhizomes produced under 4, 8 and 16 photo
period in MS solid treatments significantly
increased the fresh weight than the cultures
produced in the liquid medium (Table 3).
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Table 1. Influence of growth regulators on microrhizome production in ginger cultivar, Local

Concentration Concentration Number of Wet weight of Shoot height Number of
of NAAmgL? of BAPmgL™ microrhizomes micorhizomeg cm leaves
0.1 0.0 2.00c 0.019e 448 c 6.0d
2.0 5.33b 0.328 c 5.48 b 12.33¢
4.0 8.16 a 0.652 a 6.50 a 14.67 ab
6.0 7.83a 0.542 b 6.38 a 13.83 bc
0.2 0.0 2.33c 0.105d 4.13c 6.50 d
2.0 6.16 b 0.362 c 7.08 a 15.50 a
4.0 5.66 b 0.526 b 7.25a 15.66 a
6.0 7.50 a 0.503 b 7.08 a 14.16 ab

Within a column, means followed by the same letters are not significantly different at p=0.05

Table 2. Influence of sucrose for induction of micro rhizome

Sugar Number Shoot Number Wet weight g Dry weight g

gL™ of buds Height of Shoot Root Rhizome Shoot Root Rhizome
cm leaves

30 8.429bc 10.428a 42.286a 12.257a 5.240c 2.621c 0596a 0.433a 0.346¢C

60 7.714c 10.300a 41.714a 13.341a 7.026b 6.337b 0.659b 0.644b 0.533b

90 9571b 9.429a 31.429b 4.016b 6.673b 8553a 0.187c 0.231c 0.771a

120 23.714a 7.286b 33.714b 3.053b 12.191a 5.330c 0.286b 0.374b 0.583b

Within a column, means followed by the same letter are not significantly different at p=0.05

Table 3. Influence of photoperiod and physical form of the medium for induction of micro

rhizome
Status Photo Number Rhizome Number Shoot Shoot Root
of the period of weight (wet) of height weight weight
media hrs rhizome gm. Shoots cm (wet) gm. gm.
Liquid O(Dark) 2.4e 1.35e 106 a 5.70 a 1.202c 0.58 bc
Liquid 4 6.4c¢c 1.39 de 9.8a 3.92 de 0.604e 1.28 ab
Liquid 8 4.4d 1.92 ¢ 9.0a 334 e 0.558 e 0.39¢c
Liquid 16 46d 225b 10.8a 4.10 cde 0.704 de 0.44c
Solid O(Dark) 6.4c 1.81 cd 110a 5.26 ab 1.538 ab 131 ab
Solid 4 8.2 ab 2.71b 11.2a 5.06 ab 1.004 cd 0.62 bc
Solid 8 7.2 bc 2.43b 9.2a 4.5 bed 1.240 bc 187a
Solid 16 9.6a 3.72a 10.0a 4.9 abc 1.730a 158 a

Within a column, means followed by the same letter are not significantly different at p=0.05

The highest performance was obtained in solid
cultures incubated under light condition with 16-
h/day producing 3.72 g of average fresh weight
of rhizomes and 9.6 number of microrhizomes
(Fig. 1). Plantlets incubated under dark condition
have produced microrhizome with the lowest
average of fresh weight in both liquid (1.35 g)
and in solid (1.81 g) MS media. But incubation
under complete darkness reduced the number
and size of the microrhizomes significantly.
When comparing with dark condition, the
increase in the productivity of the plants
incubated under light condition can be attributed
to increase in the photosynthetic rate that
caused increasing of storable energy in
storage part (rhizome). Abbas et al. [16] reported

that MS medium supplemented with 9 mg/L
BAP and 60-90 g¢/L sucrose under 16-h
photoperiod within 10 weeks of cultivation were
the best conditions for ginger microrhizome
induction. In this study, we fixed the level of BAP
to 4 mg/l when detecting best sucrose
concentration and photoperiod exposure levels.
Therefore further experiments could be proposed
by fixing 90 g/L sucrose and 16-h photoperiod
with varying level of BAP above 4 mgL™ BAP.
Also, it is necessary to examine the field
performance of the microrhizomes comparatively
with conventional rhizomes with regards to yield

and other agronomic performance before
recommending this protocol for commercial
growers.



Fig. 1. Microrhizomes induced under solid MS
+4mgL'BAP +0.1 4mgL™"NAA + 90gL™
sucrose with 16 hr photoperiod

4. CONCLUSION

Murashige and Skoog (1962) medium,
supplemented with 4 mgL™ BAP, 0.1 mgL™ NAA
and 90 gL'1 sucrose, in solid condition under the
16-h photoperiod with 10 weeks of culture
duration were the best conditions for induction
of microrhizomes in ginger.
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