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ABSTRACT

Micropropagation is an efficient in vitro propagation method for Kalanchoe blossfeldiana. In the present research,
the effect of plant growth regulators (PGRs) on root formation and adventitious shoot from apical buds explants of
Kalanchoe blossfeldiana. Apical buds as explants were cultured on solid MS medium supplemented with BA and
NAA, both with concentrations of 0, 0.5, 1 and 2 mg I™. The experimental design was R.C.B.D. MS medium
supplemented with 1 mg I BA + 1 mg ™ NAA resulted in the highest plant height (6.22 cm), root number (9.34) and
root length (10.36 cm). Maximum shoot number (5.39) was obtained in MS medium containing 1 mg 1! BA + 0.5 mg
I NAA. About 85% of the micropropagated plantlets were established successfully in acclimatization medium.
Regenerated plantlets were mor phol ogically identical with mother plants.
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INTRODUCTION

The ornamental specié&lanchoe blossfeldiana, belonging to Crassulaceae, is a pot plant. Tleauoic value of
ornamental plants has increased significantly waide and is increasing annually by 8-10% [9]. Téehniques for
in vitro propagation of ornamental plants and tissue aillaiboratory equipment are being continuously inmedo
to meet the demand of the floriculture breeding Emaltistry [22]. Micropropagation through tissuetatg permits
the regeneration of large numbers of disease fie@pfrom small pieces (explants) of stock planta relatively
short period and, crucially, without seasonal restms [19]. In the field of ornamental plantsssie culture has
allowed mass propagation of superior genotypespaat improvement, thus enabling the commerciabrabf
healthy and uniform planting material [13, 24]. Theccess of the micropropagation method dependseveral
factors like genotype, media, plant growth regukatand type of explants, which should be obserwatihg the
process [14, 17]. Most important of these paramsedee the plant growth regulators included in thituce media
[4]. In tissue culture, cytokinins and auxins p&agrucial role as promoters of cell division antliacdhe induction
and development of meristematic centers leadirntgedormation of organs [18]. Some studies wereiedrout on
micropropagation oKalanchoe blossfeldiana. Studies of Xiu-Lina et al. [26] on micropropagaitiof Kalanchoe
blossfeldiana showed plantlets regeneration from stems and $eaxplants on MS medium containing BA and
NAA. Xin-Zheng et al. [25] showed rooting &falanchoe blossfeldiana on MS medium supplemented with BA and
IBA. In this paper, a protocol for multiplicatiorf &alanchoe blossfeldiana via organogenesis by using different
concentration of BA and NAA will be detailed.
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MATERIALS AND METHODS

Mother plants oKalanchoe blossfeldiana were prepared from a commercial greenhouse in Aiitygl Mazandaran,
Iran. Micro-cuttings (apical buds) were isolatednfr the mother plants and used as explants. Apigds lwvere
washed thoroughly under running tap water for 26 and disinfected with a 15% NaOCI aqueous soluiori5
min then rinsed three times in sterile distilledtevg10 min each). At the end, apical buds wersligied for 5 min
in 70% ethanol followed by three times rinses vgittrile distilled water (15 min each). Apical budere cultivated
on MS [11] basal medium supplemented with 0, 0.8nd 2 mgt of BA and 0, 0.5, 1 and 2 mg bf NAA. Five
apical buds were cultivated in culture flasks. Tinedia were adjusted to pH 5.7-5.8 and solidifiethwig I* Agar-
agar. The media were pH adjusted before autoclaairi21°C, 1 atm. for 20 min. The cultures wereubated in
growth chamber whose environmental conditions vesljested to 25+2°C and 75-80% relative humiditydema
photosynthetic photon density flux 50 pmdl/swith a photoperiod of 14 h per day. Plant heighbot number,
root number and root length were measured 45 dégs apical buds culture. The experimental desigms w
R.C.B.D. Each experiment was carried out in thegicates and each replicate includes five specgménalysis of
variance (ANOVA) was done using SAS statisticatwafe and means were compared using LSD at 0.@% ¢év
probability.

RESULTS AND DISCUSSION

In this study, the effect of different concentrasoof BA and NAA on micropropagation dfalanchoe
blossfeldiana, an ornamental plant, was evaluated. Studied cteistics were plant height, shoot nhumber, root
number and root length. The results are summaiizdadbles 1 and 2. Our data revealed that thereliffiexences
in the effect of the different concentrations of BMAA and interaction between these two growth tagus on
these characters. Apical buds were excised andferaad on MS medium containing BA (0, 0.5, 1 anth@ )
and NAA (0, 0.5, 1 and 2 m@). Subsequently, within the next 45 days, diffeenwere observed. The medium
containing 1 mgt BA + 1 mg I' NAA resulted in the maximum plant height (6.22 cnopt length (10.36 cm) and
root number (9.34). Also, apical buds cultured o8 kedia supplemented with 1 mg BA + 0.5 mg I* NAA
including 5.39 shoots showed good growth of shdatble 2). Minimum plant height (1.980 cm), shoomer
(1.221), root number (2.720) and root length (3.86§ was obtained in control medium (Table 2). Deatalysis
showed that the effect of BA and NAA were signifitan the plant height, shoot number and root lerfpt0.01)
(Table 1).

Our results indicated that there are differencebéneffect of the different concentrations of BAdaNAA for plant
height, shoot number, root number and root lenGgftokinins are usually used on the micropropagatimdia to
stimulate axillary shoot proliferation. Similar tar findings, many researchers showed that cytokBA induced
multiple shoot formation and shoot length [2, 3, 2R]. Study of Xiu-Lina et al. [26] on micropropn of
Kalanchoe blossfeldiana showed that for shoot proliferation, BA and NAAsuéied in the longest root, largest
number of leaf and node and shoot number. Alsalystdi Hepaksoy and Aksoy [8] on micropropagatiorFofus
carica L. revealed that the most shoot was obtained idiume supplemented with 5 mg BA along with 1 mgt
IBA. Some species may require a low concentratibmuxin in combination with high levels of cytokird to
increase shoot proliferation [23]. Rout et al. [bkerved that the rate of growthRosa spp. was found to be very
poor in a hormone-free medium. Contrary to our ifigd, studies of Osuna et al. [16] on micropropagabf
Lepidium virginicum L. showed that the maximum shoot length was obthim MS medium without hormones.
Study of Ahmadi Hesar et al. [1] on micropropagatad Matthiola incana showed that multiple shoots containing
roots can be obtained simultaneously on MS medinty supplemented with 0.5-2 mg KIN. Studies of Kaviani
et al. [10] on micropropagation datthiola incana using NAA and KIN demonstrated the positive effetplant
growth regulators on shoot length and node nunttedy of Hashemabadi and Kaviani [7] on micropratign of
Aloe vera L. using BA, IBA and NAA showed that the best fieiation of shoot per explants was shown on
medium supplemented with 0.5 myBA + 0.5 mg 1* NAA. The largest number of roots was obtained @tlioim
supplemented with 0 mg*lIBA + 1 mg I NAA (9.71). The longest (8.75 cm) root was achiewm medium
supplemented with 1 m@ IBA + 1 mg I* NAA. Our findings demonstrated that the additidrBa and NAA in
culture media was effective for increasing the nemiif root and root length. Some studies showedptistive
effect of auxins on rooting [6, 9, 15]. Currentdstitshowed the positive effect of NAA on root indootand root
length. Some studies showed the positive effectytifkinins on rooting [5]. Studies of Gomes et[8].on Arbutus
unedo L. showed that shoots produced on higher cytokimintaining medium are more amenable to root indoct
than shoots obtained with the lowest concentratiohsBA. Study of Hashemabadi and Kaviani [7] on
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micropropagation oAloe vera L. using BA, IBA and NAA showed that the largesimber of roots was obtained on
medium supplemented with 0 mg IBA + 1 mg [* NAA. Our studies demonstrated the positive efffdNAA in
concentrationsf 0.5 and 1 mg on both root induction and root length.

Table 1. Analysis of variance (ANOVA) for the effetof different concentrations of BA and NAA and vaiieties on some traits of

Kalanchoe blossfeldiana.
Source of variations df  Plant height Shoot numberootfength  Root number
Variety (A) 1 0.396 0.939¢ 0.436¢ 1357.19°
BA and NAA (B) 15 9.632 7.037 29.08 1363.01¢
AxB 15 0.77¢" 1.051" 254¢ 12292
CV (%) 21.10 17.40 20.06 29.10

" Sgnificant at o = 1%, ": Significant at a = 5%, ™=Not significant

Table 2. Mean comparison of the effect of differentoncentrations of BA and NAA on some traits oKalanchoe blossfeldiana.

Treatments (mg?) Plant height (cm)  Shoot number  Root length (cm) ootftumber
NAAO + BAO 1.988 1.22T 3.016 2.720
NAAO + BA 0.5 2.7669 2.106" 4.13%" 3.820
NAAO+BA 1 4.650™ 3.720¢ 7.838¢ 6.860
NAA O + BA 2 3.70( 2.551% 5.90(c 5.120°
NAA 0.5 + BA O 2.48% 1.545" 3.766" 3.330
NAA 0.5+ BA0.5 3.408'"°" 2.608* 5.416°0" 4,570
NAA 0.5 + BA 1 5.95( 5.38¢ 10.16¢ 9.10¢
NAA 0.5 + BA 2 3.466" 2.885%! 5.583%f 4.830
NAA 1+ BAO 2.266 1.496" 3.866" 3.320
NAA 1+ BAO.E 3.03ef 2.662% 4.71¢0" 4.10¢
NAA1+BA1 6.216 3.27%°* 10.360 9.340
NAA 1+ BA2 4.316% 3.996 6.700% 6.020
NAA 2 + BA O 2.00¢ 1.5519 3.31¢" 2.80C
NAA 2 + BAO.5 3.660* 2.718¢ 6.083% 5.200
NAA2 +BA 1 4.488 3.386° 7.150¢ 6.840
NAA 2 + BA 2 3.3830%k 2.32¢8 5.633%" 4.840

In each column, means with the similar letters moé significantly different at 5% level of probabjl using
Duncan’s test
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