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ARTICLE INFO ABSTRACT

Article history: Objective: 7R GHYHORS D VLPSOH FRVW HIIHFWLYH DQG HI{FLHQW PH
Received on: November 17, 2018 base material to replace the conventional Murashige and Skoog (MS) medium.

Accepted on: January 19, 2019 Materials and Methods: Water extracts of SB along with some macronutrients and plant growth regulators were
Available online: July 04, 2019 gelled with 0.7% agar-agar powder. Nodal segmen@Geottiana kurroowvere used as explants and inoculated

in the medium and placed in a growth chamber under standard conditions of light and temperature. Out of the
tested combinations of plant growth regulators, 0.5 mg/l each of kinetin (KN) and 6-Benzylaminopurine (BAP)
showed the excellent shoot multiplication and proliferation rate on the bagasse medium with the same potential
as on the MS medium with an average of 5-6 shoots/expiaritro rooting was obtained on half strength MS
medium supplemented with IBA (0.5 mg/l) with an average length of 7-8 cm and 20-25 roots/explant. The
plants were hardened in a mixture of clay loam and farmyard manure in 1:1(w/w) with 70%—-80% survival rate
without any phenotypic aberrations.

Conclusion: The results from the present investigation indicate that SB can be used as a cost-effective substitute
of MS medium foiin vitro propagation ofs. kurroa
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1. INTRODUCTION Research in plant tissue culture has played an important role in the

Gentiana kurrooRoyle is a medicinal plant belonging to the production and conservation of many medicinal and ornamental
family Gentianaceae. It is mainly found in the northwesternplants. Manyin vitro studies have also been carried out on the
Himalayas and in some pockets of Sirmaur district in the state oPropagation ofs. kurroousing seedlings, petioles, leaves, apical
Himachal Pradesh, India at the altitudes of 1,500-3,400 .nin meristem, and somatic embryo as explgrfs(7]. Generally,
India, rhizomes and roots of this plant are valued as a bitter tonicMurashige and Skoog (MS) mediu#f is used for the cultivation
antiperiodic, expectorant, antibilious, anthelmintic, astringent, ©f Gentiana kurropwhich is costly, therefore, some new simple
DQWLSV\FKRWLF DQWL LQADPPDW R U &nd cogtgtteghive aNepnative pf dylymediym sheuld bedsveloped
stomachic, and cholagogi{®. The roots of this plant are a good for the successfih vitro cultivation ofG. kurroa

source of gentiopicrine, gentiamarin, and the alkaloid, gemianinAgricultural wastes which contain large amounts of residual

[3]. Unfortunately, the pharmaceutical industries are largely b yients and are available in large quantities may be explored
dependent on the natural populationGfkurroo WR 1 X O ¢ O @ YWKiH Gildy cultivation of medicinal or ornamental plants.
demands, thus, depleting the wild stands of this plant. Becausg qar industries produce tons of sugarcane bagasse (SB) every
of its restn(_:ted d|str|but|on_ ano_l Wld(_aspread e_xtractlon from 'tsyear which is rich in cellulose, hemicellulose, and lighin [10].
natural habitats coupled with nil cultivation, this plant has beenpggpyite jts potential to be used for the development of some value-
listed as critically endangered by the Government of Iitha  54ded products, it is burned in sugar mills and alcohol distilleries
for energy generation or is used as animal fé&f [12]. SB has

been used as a substitute of agar foritheitro root induction

in apple and strawberiiyL 3], [14]. It has also been used for the
successful cultivation of some plant and human pathogenic fungal
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Table 1: Composition and cost analysis of MS and SB media.

Ingredients Strength in MS basal medium (mg/l) Cost/liter (INR) of MS medium  Strength in SB medium (mg/l) coijgtge(gi\ﬂ?r)] i megﬁjﬂfifginhftasdia)
|. STOCK-A
1. KNO, 1,900 0.99 500 0.26
2. MgSQ.7H,0 370 0.17 250 0.11
3. KH,PQ, 170 0.21 100 0.12
1. STOCK-B
1. NH,NO, 1,650 0.61
1ll. STOCK-C
CacCl. 2H,0 440 0.71
CaNQ, - - 200 0.10
IV. STOCK-D
1. NgEDTA 37.3 0.08 25.0 0.05
2. FeSQT7H,0 275 0.01 25.0 0.01
V. STOCK-E
1. Kl 0.83 0.57
V1. STOCK-F MS salts, sucrose,
1. HBO, 6.2 0.00 _ R vitamins and Agar
2. COCJ. 6HO 0.25 0.04
3.ZnSQ.7TH,0 8.6 0.00
4. CuSQ.5H,0 0.25 0.00
5. MnSQ.4H,0 223 0.03
MnSQ,(anhydrous) (1.69)
6. NgMoO,.2H,0 0.25 0.03
VII. STOCK-G
1. m-inositol 100 0.24
2. Glycine 2 0.00
VIIl. STOCK-H
1. Pyridoxin-HCL 0.50 0.02
2. Nicotinic Acid 0.50 0.00
3. Thiamine HCL 0.10 0.00
Sucrose 30 g/l 24.69 109/l 8.23
Agar 8 g/l 58.67 6 g/l 44.00
Whatman filter No. 1 6.00
Total cost 87.03 58.8 97

specieg15]. Till date, there is no report @i vitro cultivation of conditions in a growth chamber. Nodal segments were used as
G. kurroousing SB as a growth medium. The present study wasexplants for plantlet production.

conducted with the aim to develop a simple, cost-effective, and

HI¢FLHQW PHGLXP E\ XVLQJ 6% DV D EﬂVﬁbtir‘ﬁi?aY%h'HMQlemWR UHSODFH WKH

conventional MS medium. -
SB was procured from local sugarcane juice vendor free of cost

and was shade dried under a muslin cloth to protect from house
2. MATERIALS AND METHODS ALHV $IWHU GU\LQJ WKH LQWHUQDO SD
2.1. Plant Material and Culture Conditions H[WUDFWHG PDQXDOO\ 7KH LQWHUQDO S
. _ LQ D VWHHO NLWFKHQ JULQGHU 7KH UH,
Two-week-old aseptic cultures &. kurroowere obtained from REWDLQHG ZDV VWUDLQHG WZLFH WKURX
g(r)'l;(r'] Sénilarmgirntja?:]\/ee(jlrs';);‘lé);rH(():I;:i:tl:cl)tllilé(e‘j atr;?n':g:ztsj?é’ ’\(lggpc':')grams of this powder was added to 400 ml distilled water and was
humidity (70%-75%), and light (10 hours dark ol 14 hours |ight)?,'j‘f<eﬂ|°”A?Dsca,\'l‘erza;lgzrpméo\r,\/lgag":ger 1 Sa\}"wevcvogtﬁng ;zfj <
é é

:KDWPDQ ¢OWHU SDSHU QXPEHU TKH ¢«
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Figure 1: In vitro cultivation ofG. kurroo on varying concentrations of sucrose. (a) Establishment of nodal explant on SB
medium supplemented with 3% sucrose and growth regulators; (b) & (c) plantlet regeneration after 3 and 6 weeks with
stunted growth; (d) establishment of nodal explant on SB medium supplemented with 2% sucrose and growth regulators;

(e) & (f) shoot regeneration after 3 and 6 weeks with hyperhydration.

and macronutrients K, Mg, Fe, P, and N were addethl¢ J. at 3-week intervals). A minimum of seven cultures was raised in
Different concentrations of sucrose (1%, 2%, and 3%) gelled witheach set, and each experiment was repeated thrice.

0.7% agar-agar supplemented with varying concentrations of

growth regulators were tested. The pH of the medium was adjusted 4 pata Analysis

to 5.7 £ 0.1 and was autoclaved at 121°C and 1.05 Kgfom .
15 minutes. The cultures were incubated at 16 hours photoperio eans and standard errors were calculated for each experiment.

A he qve riation in t o a was,ana by one-way
SURYLGHG E\ FRRO ZKLWH AXRUHVFHQW 8‘(5’1@\)@ i‘l [Sai; '!@Z
plant tissue culture chamber. analysis o vanance.Ava@ue f Z g% QVLGHUHG V

Calculations were done using the software GraphPad Prism 5.02.

2.3. In Vitro Shoot Multiplication, Root Induction, and
Acclimatization

Nodal segments were cultured on SB medium supplemented wit@.1. Standardization of SB Medium

different concentrations of BAP (0.5-1.0 mg/l) and KN (0.5-1.0 Dried SB powder (25 g) in 400 ml distilled water after continuous
mg/l) for shoot elongation and multiplication. Well-developed shaking on a rotary shaker for 1 day produced 200 ml of opaque
shoots were excised and transferred to the half strength MS medium O W Cbbtkl$iconsisted of culture jars containing MS medium
supplemented with various concentrations of root initiating growthsupplemented with 0.5 mg/l each of KN and BAP and 3% sucrose
regulators viz., NAA (0.1-0.5 mg/l), IBA (0.1-0.5 mg/l), and IAA  and 0.8% agar-agar. Three concentrations for sucrose (3%, 2%,
(0.1-0.5 mg/l)In vitro grown rooted shoots were removed from and 1%) were compared and growth regulators were added to
the culture tubes after 7-8 weeks and then transferred to the eartheach concentration. Out of these, the optimal concentration of
or plastic pots containing an autoclaved mixture of clay loam andsucrose for shoot multiplication was 1%, whereas, in 2% and 3%
farmyard manure (FYM) (1:1 w/w). The potted plants were keptsucrose, the shoot length was stunted with a little hyperhydration
under polythene or glass beaker to maintain the humidity for 2(Fig. 1a-j.

weeks. Hardening was continued for 3 weeks with irrigation at

2-4 days interval supplied W?th 1/.4 strength MS .major salts until3.2.In Vitro Propagation of Gentiana kurrooon SB Medium

these were successfully acclimatized. The survival rate (%) was : ) )
recorded after 45 days of the transfer. Observations on percentagd@nt tissue culture provides a platform for the mass propagation
survival and number of shoots developed on the SB and MS medidf Plants which helps in making easy availability and conservation
were recorded after 6 weeks of subculturing (subculturing donéf rare, threatened, and endangered species. However, this is

3. RESULTS AND DISCUSSION
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Table 2: Effects of different concentrations and combination of growth regulators on average number of shooting (shoots/é&pkamtpobn SB and MS
media.

Treatment: plant growth regulators (mg/l) SB medium MS medium
*Average no of shoots/explant *Average no. of shoots/explant

1. Control (Basal medium) 0 0

2. BAP (1.0) 39+0.1 42+0.2

3. KN (1.0) 20+0.2 21+0.2

4. KN (0.5) + BAP (0.5) 5.76 + 0.1 58+0.1

5. NAA (0.25) + BAP (0.5) 3.6+04 3.7+02

6. BAP (0.5) + IAA (0.25) 3.7+0.2 3.9+0.2

7. KN (0.5) + IAA (0.25) 24+0.1 25+0.1

“Each value represents mean + SE of seven replicates per treatment.

Figure 2: In vitro propagation of5. kurrooon SB and MS medium. (a) Nodal explant establishment on SB medium
supplemented with KN and BAP (0.5 mg/l); (b) shoot regeneration after 20 days of culture (c) plantlet formation with 4- 5
shoots on SB medium after 6 weeks; (d) nodal explant establishment on MS medium supplemented with KN and BAP (0.5

mg/l); (e) shoot regeneration after 20 days of culture (f) plantlet formation with 4- 5 shoots on MS medium after 6 weeks; (g)
& (h) acclimatization of in vitro grown plantlets after six weeks in clay loam and farmyard manure (1:1) after 6 weeks and 2
months respectively.
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usually constrained by the high cost of nutrient media. The preser®ut of these three auxin levels tried, half strength MS + IBA
study was undertaken to develop a low-cost mediunmnfeitro (0.5 mg/l) showed the best response with an average of 20-25
propagation ofs. kurroo. roots per plant with a length of 7-8 cm which was same as that

SB medi ted plantlets with th tential as M f MS medium Fig. 3. Shoots with well-developed roots were
medium regenerated plantiets wi € same potential as ansferred to earthen pots containing a mixture of clay loam and

medium. The nodal segments were taken as explants a.“d Ve M (2:1 w/w) (Fig. 29. The rooted plants were hardened and
propagated on MS and SB medium supplemented with OIIﬁeremafter 6 weeks of hardening, the plants were transferred to the

concentrations and combinations of BAP (0.5-1.0 mg/l), KN (0.5— h h - :
70%-80% of plantl h
1.0 mg/l), NAA (0.1-0.5 mg/l), and IAA (0.2-0.5 mg/Mable 3. greenhouse where 70%-80% of plantlets are surviving without

LI an otypic_aberrati rgﬁ ZP Findings from this study
;I;]hetln VItI’Of SURS ?.‘] DtW L; Qt E l. VKR IR de BiF? .Vha}z(\ﬁskﬁol\&hgmgi is %5% tg e(ﬂléet qcoistvzitro plantlet
€ ypes of macronutrients and cytokinins empioyed. Inproduction through tissue culture by using agroindustrial residues

com_bmangn with KN .(0'5 .mg/I .each) showed excgllent shoot as an alternative support system. The total cost for 1 | MS medium
multlpllgatmn arlld prollferatlonfwnh thhe same potenﬁ:ualgas ;)n the DQG FRQYHQWLRQDO PRGL.HG 06 PHGLXP
MS medium with an average of 5—6 shoots per expkigt 2a—j. .
Shoot multiplication was better on media with BAP + IAA than and the total cost of 11 SB medium was INR 58 ofigb{e .
with KN + IAA. Shoot multiplication was better on the medium
when 1AA (0.25 mg/l) was used in combination with BAP (0.5 4. CONCLUSION
mg/l) with 4-5 shoots/explant as compared with the combinationConventional media used for thevitro cultivation of plants are
of IAA (0.25 mg/l) + KN (0.5 mg/l). An increased shoot length H[SHQVLYH ,W EHFRPHV D GLI(FXOW WD\
with decreased proliferation rate was observed with an average afubculture large number of plants. Utilization of agricultural wastes
2 or 3 shoots after 6 weeks of cultutalfle 3. as a base material for the vitro cultivation and conservation

) . . of important plants is a step forward toward the solution of this
Strategies to reduce the cost of tissue culture media have be‘?ﬂoblem. In the present investigation, the potential of SB as a
reported by many researchers on other plants. Fernando angpstitute of MS medium for the cultivation Gt kurroo Royle
Subasingh¢16] used Albert's solution, which is a water-soluble |\ 1< avaluated. It was observed that SB medium regenerated
fertilizer containing most of the macro and micronutrients mEdiumpIantlets with the same potential as MS medium without any
as a cost-effective alternative of MS medium, whereas RaghLbhenotypic aberrations.
et al [17] experimented with household sugar and tap water as a
substitute for laboratory sugar and double distilled water. Locally
available low-cost fertilizers have also been used as a substitut@' CONFLICT OF INTERESTS
for conventional MS salts in sweet potato seedl[igs Despite =~ /KH DXWKRUV GHFODUH WKDW WKHUH LV
these achievements in cost reduction in tissue culture media foihe publication of this paper.
other plants, to our best knowledge, no work has been reported so
far in regard toG. kurroq and hence, this study was carried out 6. ACKNOWLEDGMENTS
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