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Abstract

Objective

Ginger (Zingiber officinale Roscoe) belongs to the Zingiberaceae family and it is one of the most
important spices in the world which produces spicy and fragrant flavors and it has many healing
properties. This plant does not have the ability to produce seeds due to sterility. The growth of the
plant through the rhizome causes the cost of cultivation and the probability of pathogen attack.
Therefore, propagation using in vitro tissue culture be effective method for increasing the rate of
proliferation and infection control. For obtaining the better results in tissue culture, explants
should be prepared from healthy, fresh and strong maternal sources. Somatic embryogenesis
usually not used for propagation due to mutation, so it is better to use the rhizome buds as explant

to preserve genetic characteristics.
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Materials and methods

For micropropagation, explants including shoot, leaf, collar and buds of ginger in were used and
cultured on MS basal medium supplemented with 9 different hormonal combinations (BAP alone
or in combination with NAA) for shoot induction. Shoots were transferred to MS medium
containing 1 mg/l NAA or IBA for rooting. Plantlets were transferred to pots and gradually

adapted to the greenhouse condition.

Results

The best explant for fast and easy multiplication of ginger was the healthy rhizome. MS culture
medium supplemented with 2 mg/l BAP and 1 mg/l NAA produced 7 shoots in each rhizome bud.
The best treatment for rooting was MS medium containing 1 mg/l NAA which produced 7 roots
per shoot. Then, the plantlets were successfully adopted in pots containing garden soil and

cocopeat at greenhouse condition.

Conclusions

The results of this study showed that micropropagation of ginger plant is affected by the type of
growth regulators and their concentration in MS medium and the rhizome buds were the best
explants for direct in vitro propagation of ginger.
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Table 1. Different treatments for disinfection of ginger rhizome buds.

Loy slow 0lowd
Treatments Treatment number
4G5 B (1030 IY) ops )l e+ 4 ¥ (300 V) U !
Alcohol (70 %) 30 sec + sodium hypochlorite (0.2 %) 5 min
453 Ve (103 1) s Ca S g + 4l Yo (1oyn V) S 2
Alcohol (70 %) 30 sec + sodium hypochlorite (1 %) 10 min
43,85 V0 (Lo yd V/B) s o S g + a5l Ve (1o )d V) S 3
Alcohol (70 %) 30 sec + sodium hypochlorite (1.5 %) 15 min
43,85 0 (duopd +/V) o IS+ 4l Ye (asyn V) S 4
Alcohol (70 %) 30 sec + Mercury (II) chloride (0.1 %) 5 min
488V (doyd +/V) oge> LS+ 4l Y (1o )y Vo) USUI 5
Alcohol (70 %) 30 sec + Mercury (II) chloride (0.1 %) 10 min
4 8VY (12> 1Y) ogen IS+ Al Yo (1o )y Vo) S 6
Alcohol (70 %) 30 sec + Mercury (II) chloride (0.1 %) 12 min
4880 (doyd +/V) oge> L IS + 4l ¥e (1o yn V) USUI 7
Alcohol (70 %) 30 sec + Mercury (II) chloride (0.1 %) 15 min
A8EY D (loyd +/0) ogun LIS + Al Yo (aoyd V) S 8
Alcohol (70 %) 30 sec + Mercury (II) chloride (0.5 %) 5 min
438> Vo (doyd +/0) g IS + Al Ve (o V) S 9
Alcohol (70 %) 30 sec + Mercury (II) chloride (0.5 %) 10 min
488> V0 (Loyd /) ogi 3,8 + 4l Yo (o pd V4 ) JSII 10
Alcohol (70 %) 30 sec + Mercury (II) chloride (0.5 %) 15 min
4,83 O (duo > V) 0 S + 4By (dopy Vo) S 11
Alcohol (70 %) 1 min + Mercury (II) chloride (1 %) 5 min
4By Ve (Loyd Ve )aSTy y5y0um + 4l Ve (Ao yn Vo) S 12
Alcohol (70 %) 30 sec + Hydrogen peroxide (30 %) 10 min
oo Co S g + 483 B (doyd /D) ogun 1,18 + 4l Yo (103 V4 ) JSII 13
4,83 O (doyd V)
Alcohol (70 %) 30 sec + Mercury (II) chloride (0/5 %) 5 min +
sodium hypochlorite (1 %) 5 min
oo Co S g + 4B B (Aoyd /D) ogun 1,18 + 4l Yo (103 V4 ) JSII 14
42,83 Vo (100 V)
Alcohol (70 %) 30 sect+ Mercury (II) chloride (0/5 %) 5 min+
sodium hypochlorite (1 %) 10 min
V(wop3 Vo) S+ adBa Ve (Veer 3 Y) gl 5 mjlin)lS (2S5 )8 15
483 0 (Lo pd V) o Co IS gt + 48> A (Lo pd +/0) bge> IS + addd
Iprodione and Carbendazim fungicide (2kg in 1lit) 10 min+
Alcohol (70 %) 1 min+ Mercury (II) chloride (0/5 %) 5 min+
sodium hypochlorite (1 %) 5 min
16

V(Mo Ve ) JSU+aids Ve (Verr ) eadgpml g m2jhinylS 1855
483 Vo (oyd V) o CoplS et + 4B O (duoyd +/0) ogi> LIS + ddb>

Iprodione and Carbendazim fungicide (2kg in 1lit) 10 min+
Alcohol (70 %) 1 min+ Mercury (II) chloride (0/5 %) 5 min+
sodium hypochlorite (1 %) 10 min
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Table 2. Growth regulators for shoot production of ginger rhizome bud.

L, Loy slowd 8 ylowd
Treatments Treatment number
MS 1
MS +BAP ) 55 Lo 2
1 mg/L BAP + MS
MS + BAP ) 5 pS Lo 3
2 mg/L BAP +MS
MS +BAP z) ypS Lot 4
3 mg/L BAP+ MS
MS +BAP ) 5 pS o ¥ 5
4 mg/L BAP + MS
MS +BAP s 5 p)5 e 0 6
5 mg/L BAP + MS
MS + NAA 1) 5 o5 ko )+ BAP 1) 5 55 o ) 7
1 mg/L BAP + 1 mg/L NAA + MS
MS+NAA ;) ppS e +BAP ) a5 Lo Y 8
2 mg/L BAP + 1 mg/L NAA + MS
MS + NAA ;i ypS e V+BAP 1) 5o 5 Lo 9

3 mg/L BAP+ 1 mg/L NAA + MS

03l | b L )lges oy 5 (55lol Judod g 4550 390 00 ploul  Sobad Mals’ )b LB > ©liisloj :d)hi & 3o
YU so 0 Jlisl paw 5 (S cyg05l 5l eolite | b b pSle dueslie .05 plol GraphPad Prism 8.2.1 1581 6 5 5|

A el JBSS 1S5
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55 S ahngsy xS amo 13 oS S5 glatons gy (soslyn i coslio oS 535 (sl o J pliSmen 5 3
digeiyy (AR JSS) Cb b g o (Sl & 60,8 o 5Se S Sl 4 (1 Sgiead [l 0dd oyl
b5 (3 @ oV IS5 ) didy o 5l o] gded g ans L ca Slare 4 G (i STy gud 55 b isu ple jlodd s
MS cus Shaxe )3 S ol pubitan 0 2S5 (ly pgioydilys Wl g JolS (caigoijey 5l oolatw 1 a8 s olia 5 @l sk
oS iS5 sl yie Bl S Job 4 dilgs digeisy 3l (1990) Balachandran et al zags oo (Y S5 ) cas ) cw Lo
odb ool wl poi,y dllgn isu 5l ledls pbml Jums) piSS g9y 45T Slodinlejl 5l o)l 55 20558 oali ol s

(Babu et al. 1997) 54
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Figure 1. Cultured explants from cuttings of bud (a), leaf (b), stem (c¢) and collar (d) in MS

culture medium
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Figure 2. The effect of different disinfection treatments on the percentage of contamination

and germination of rhizome buds
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Figure 4. The effect of hormonal compounds on the number of shoots (a), the length of shoots
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(b), the number of roots (c), the length of roots (d) the number of leaves (e), and root

diameter (f). Different letters indicate the statistically significant differences (Tukey test, p

< 0.05). Error bars represent the standard deviation of each mean
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Figure 5. The effect of 1 mg/L of IBA and NAA on the number of roots (a) and the root length

(b) in the shoots. Error bars represent the standard deviation of each mean (Tukeytest, p < 0.05)
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Figure 6. The effect of growth regulators on rooting from ginger shoots. Roots of shoots in MS
culture medium without hormone (a), MS culture medium containing 1 mg/L IBA, (b) and MS

culture medium containing 1 mg/L. NAA (c¢)
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Figure 7. Propagation by rooting the shoots: the healthy rhizome of the ginger plant is placed
in a suitable place for germination (a), The rhizome bud is cultivated after disinfection on a
suitable environment for germination (b), shoot production after 8 weeks (c), The shoot is
separated from the rhizome bud and placed in a suitable culture medium for rooting (d), After
two weeks, plantlets transferred from the culture medium to pots containing cocopeat in an
acclimatization chamber, humidity was kept by placing nylon on the pots greenhouse (e), Ginger
plants after 3 weeks in the pots containing garden soil and cocopeat in a ratio of 1:1 (f), Rhizome
was formed at the end of plantlets after 3 months (g)

Yol
Agricultural Biotechnology Journal;  Print ISSN: 2228-6705,  Electronic ISSN: 2228-6500



(YE~Y Obaal (¥ 2 lows (VT b)gb) B329US (559955 g dlomo

il G35, b QLS ST co s (I g oaze 2alS el balil (it 51 (So 8l ciS 16 S does
slie Jors olS ol o 1S5 gl (a-YS) pojusdilinaigaifny «2d S )8 Gialojl 2)90 &5 Lilises (sladigaisy) (e
NAA 2 p S lec$s s BAP 2 )5 Lo ¥ (g5ls MS cuiSlams )5 ol5adls l5e oyt (D-V ISS) 05 a3l
Sogmo 1y 2181 g o BAP (90,9 LS ) NAA (90)0m (135381 45 39 ] il s (C-Y JS) 45 Jol>
JEB 51 e g 03ly by 1y ol5adlis dls o )3 0ud dbu] (slbadliS s e o aS Dl LS i gl ded ilj8l a5 b
0l jhoady) slaadls (=Y USS) 55 Jhady; o, V5l e (295 4 NAA 09 5l 2 5 p )5 e S (g9l culiS oo 4
olo a5l Ly 2led Jyrazme caled 53 o (FVUSS 5 -V ISa) wad J55Ls alelS bame b (295 & (St Dy b gy S8
(&Y US8) a8 Jols 6l 55 (6 )leSS

D9dse &yl ale g (o)l lo gl @l LB 4y p e gl gl SRuwlpw

&l
Zingiber officinale ) Jaz5; oLS gl ainls (9,0 7355 g g0l (VEe o) dbl 79, S8 S sl il)d 6,8,

References

Abbas MS, Taha HS, Aly Ul, et al. (2011) In vitro propagation of ginger (Zingiber officinale
Roscoe). J Genet Eng Biotechnol 9(2), 165-172.

Alqgadasi AS, Al-madhagi I, Al-kershy, et al. (2022) Effect of Cytokinin Type and pH Level
on Regeneration of Ginger in vitro. J Hortic Sci 9(3), 265-274.

Arimura C, Finger F, Casali V (2000) Effect of ANA and BAP on ginger (Zingiber officinale
Roscoe) sprouting in solid and liquid medium. Rev Bras de Plantas Medicinais 2(2),
23-26.

Balachandran S, Bhat S, Chandel K (1990) In vitro clonal multiplication of turmeric
(Curcuma spp.) and ginger (Zingiber officinale Rosc.). Plant Cell Rep 8, 521-524.

Babu K, Ravindran P, Peter K (1997) Protocols for micropropagation in spices and aromatic
crops. (p. 35). (IISR).

Bhagyalakshmi B, Singh NS (1988) Meristem culture and micropropagation of a variety of
ginger (Zingiber officinale Rosc.) with a high yield of oleoresin. J Hortic Sci 63(2),
321-327.

Biglari Farash R, Nikfekr R (2021) Micropropagation and in vitro propagation of ginger plant
(Zingiber officinale Rosc.). The first national conference of community-oriented

YoV
Agricultural Biotechnology Journal;  Print ISSN: 2228-6705,  Electronic ISSN: 2228-6500



(YE~Y Obaal (¥ 2 lows (VT b)gb) B329US (559955 g dlomo

researches in agriculture, natural resources and environment, Hamedan, Iran (In
Persian).

Cher CZ, Pavallekoodi G, Sreeramanan S (2016) Micropropagation of ginger (Zingiber
officinale var. rubrum) using buds from microshoots. Pak J Bot 48(3), 1153-1158.

Kavyashree R (2009) An efficient in vitro protocol for clonal multiplication of Ginger—var.
Varada. Indian J Agric Sci 8, 328-331.

Kambaska K, Santilata S (2009) Effect of plant growth regulator on micropropagation of
ginger (Zingiber officinale Rosc.) cv-Suprava and Suruchi. J Agric 5(2), 271-280.

Li C, Li J, Jiang F, et al. (2021) Vasculoprotective effects of ginger (Zingiber officinale
Roscoe) and underlying molecular mechanisms. Food Funct 12(5), 1897-1913.

Malabadi RB (2002) In vitro propagation of spiral ginger [Costus speciosus (Koen.) Sm.].
Indian J Genet Plant Breed 62(03), 277-278.

Nair KP (2019) Turmeric (Curcuma Longa L.) and Ginger (Zingiber Officinale Rosc.)-
World's Invaluable Medicinal Spices: The Agronomy and Economy of Turmeric and
Ginger. Springer.

Nkere C, Mbanaso E (2010) Optimizing concentrations of growth regulators for in-vitro
ginger propagation. J Agrobiol 27(2), 61.

Pandey YR, Sagwansupyakorn C, Sahavacharin O, et al. (1997) In vitro propagation of
ginger (Zingiber officinale Roscoe). Agric Nat Resour 31(1), 81-86.

Palai S, Rout G, Samantaray S, et al. (2000) Biochemical changes during in vitro
organogenesis in Zingiber officinale Rosc. J Plant Biol 27(2), 153-160.

Ravindran P, Shiva K, Babu KN, et al. (2005) Ginger. Advances in Spices Research: History
and Achievements of Spices Research in India Since Independence, Ravindran PN
Babu KN Shiva and JA Kallupurackal (Eds.). J Agron Jodhpur India 367-368.

Sukarnih T, Rudiyana Y, Hanifah N, et al. (2021) Micropropagation of red ginger (Zingiber
officinale Rosc. Var. Rubrum) using several types of cytokinins. J Phys Conf

Sharma T, Singh B (1997) High-frequency in vitro multiplication of disease-free Zingiber
officinale Rosc. Plant Cell Rep 17(1), 68-72.

Zhou J, Guo F, Fu J, et al. (2020) In vitro polyploid induction using colchicine for Zingiber
officinale Roscoe cv. ‘Fengtou’ginger. Plant Cell Tissue Organ Cult 142, 87-94.

Y oA
Agricultural Biotechnology Journal;  Print ISSN: 2228-6705,  Electronic ISSN: 2228-6500



