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Abstract — In vitro techniques are important for clonal
multiplication.  The clonal propagation of strawbery
provides an added advantage for the stable transfeof a
desired gene into a commercially important genotyp®ithout
sexual recombination. The current experiment was
conducted to search the most appropriate cytokininetype
and the concentrations forin vitro propagation of newly
strawberry hybrids through cross-breeding and alsoto
examine the effects of auxin and active charcoal @ types
on rooting stage. Combinations of zeatin and IBA ath TDZ
and IBA at different concentrations were tested athe micro-
propagation stage. For the rooting stage AC, and
combination of IBA and AC as well as AC and combingon
of NAA were tested. Experiment results revealed thathe
most appropriate concentrations in the propagationstages
for each strawberry hybrids were found as follows;1.0 mg L'
! zeatin in combination with 1.0 mg [* IBA and 1.0 and 1.5
mg L™ TDZ in combination with 1.0 mg L™ IBA. Regarding
to rooting stage, AC appeared to be adequate aloimestead of
using auxin as a supplementary. The highest numbef roots
and root length per plant were found to be the bestnly in 3
g L™t AC treatment in the each strawberry hybrids.

Keywords — In Vitro, Strawberry, Hybrid, Cytokinin,
Auxin, Active Charcoal.

Abbreviations Used — MS: Murashige and Skoog's Medium
(1962), Zeatin:  6-[4-hydroxy-3-methylbut-2-enylamim]
purine, IBA: Indole-3- butyric acid, TDZ: Thidiazur on; AC:
activated charcoal.
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|. INTRODUCTION

propagation of strawbery seedlings could be peréak iy
meristem culture and the highest number of seeslling
could also be propagated per unit area. Anotheargedge

of meristem culture is that this technique enalbles to
maintain the gene-resources and to facilitate apan

at short intervals of time [2, 3, 4, 5]n vitro techniques
are important tools for modern plant improvement
programs introducing new traits into selected danb
multiply elite selections and to develop suitahléticars

in the minimum time. Used in conjunction with cliass
breeding methods, an efficiemnt vitro shoot proliferation
and regeneration system could accelerate cultivar
development programs [6].

A current experiment showed that the plants progaba
in meristem culture could be transferred to thé isoil2
weeks after meristem growth and development stagés
would be ready for field conditions in 2 monthseaft
transferring to soil [7]. Several studies have sitte that
the tissue cultured plants have an advantage these
obtained by conventional propagation in terms roft f
yield [8, 9, 10, 11, 12], pest resistance, vigoeldy per
plant, the number of runners and leaves per plsit 14,
15]. Micropropagated strawberry ‘Gorella’ showedHer
resistance to frost damage than did standard ryplasets,
when injury was evaluated in the field in springs][1
Hormone type, its concentration in propagation eomt
induction and so also the cultivar are importarttdes
influencing the success oh vitro culture [17, 18].
Considering the cultivars, the success of meristalture
in Seascape cultivar was 10%, whereas it was neaelty
in Camarosa and Albion cultivars. [19]. Cytokinipky
an important role in enhancing the propagation aisd
the shoot quality. Further, auxins too are as érftial as

Tissue culture has been extensively used not amly ihe cytokinins, on propagation, to some extent .[20]

clonal propagation but also in plant breeding ssdind

Hence, the most important aspect is to determiree th

also this technique has been applied and foundeto Bppropriate hormone type and to use the same imapt

suitable nearly for all plants. Meristem cultureégarded

concentrations. The hormones, BAP, I1AA, IBA and TDZ

as one of the best techniques for micro-propagatibn have been extensively used is strawberries [21, Qag
plants that could be easily performed to propagattisadvantage of TDZ is its often inhibitory effeats

seedlings properly. This technique is the only wafy
getting virus-eliminated seedlings [1]. Propagatimgs-
eliminated seedlings is crucial as it influenceshbthe

shoot elongation as demonstrated for several woody
species [23].
Auxins and cytokinins used in nutrient solution has

yield and the quality substantially. Strawberry isimulative effects on the tissue development. TBRZ i
propagated vegetatively which, in turn, makes thgesponsible for biosynthesis of cytokinin and prese

strawberry plants sensitive to infection, diseass pests.
Therefore, virus-elimination does not appear te@&sy. In

addition, conventional propagation is highly seasortivision in in vitro culture [25].

endogenous hormones in plant tissues [24]. At Hdrmaes
time, TDZ reduces ethylene production and promogdis
Many scientist have

dependent, thereby to get a seedlings from a slayrt- reported the use of TDZ for shoot regeneration flteaf

strawberry, for example in Camarosa cultivar, wohéd
limited under long-day conditions. However, a yeasnd

discs in strawberry [26, 27, 28]. Cytokinins suh6-[4-
hydroxy-3-methylbut-2-enylamino] ~ purine  (zeatin),
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thidiazuron (TDZ) and auxins indole-3-butyric a¢iBA) These treatments were evaluated for number of ,roots
and indole-3-acetic acid (IAA) have also been rigabfor root length, leaf number and stem diameter before
shoot proliferation [29]. Zeatin was found todféective transferring the plants to field.
for shoot initiation in Vaccinum species [30], agldoot In the culture room, temperature was maintained at
proliferation of lingonberry [31]. 25°C+1°C, light intensity was 300@mol s'm? All

In tissue culture, auxins are used widely at th#img treatments were conducted a 3 replicates, 10 jahén
stage and the type and concentration of auxinsspdly propagation stages and 2 explants in each. Indbing
important role in successful rooting. Some auxipet/ stage 15 jars and 1 explant for each were used.
influence callus formation or rooting depending te B Statistical Methods
plant type and species. Some studies have shown tharhe study was carried out in randomized parceligdes

NAA enhances callus formation rather than rootiry gs statistically and LSD test was used for the carispns.
compared to IBA [32, 7]. Further, higher concerndrag of

auxins promotes callus formation, thus leadingess Iroot . RESULTS AND DISCUSSIONS
formation [33]. In addition to auxins, supplemerdative
charcoal (AC) enhances root formation in some ggeci
and also preserves some taxa from phenolic comgou
[34, 35]. Shaakeel ve Igtiar [36] studied Chandlgltivar

in meristem culture and found that there is no rteaase
of hormone or use IBA as low as (0.1 mg)Llto induce
rooting.

In this experiment aims to determine the best haeno
type, and optimum concentrations and combinatiams ghoots/explant) and control brought about the lowkeot

TP14-22-20', ‘TP14-2-84' and ‘TP14-14-6' strawbgrr number (4.22 shoots/explant). In addition, shootligy
hybrids ’ and number showed a decrease in more or less therg

L Zeatin concentrations.
In ‘TP14-2-84’, different Zeatin concentrations in
combination with 1 mg t IBA were found to be

) ) . statistically significant on the shoot number pgplants

A. Plant Material and Experimental Conditions 55 for “TP14-22-20'. Zeatin concentrations morentta
In this experiments, three hybrids of strawberrgoied g |1 caused shoot number to decrease and to get thinner

thro_ugh traditional breeding method by Teydep-Twrkeznd to decline in shoots (Table 1). To ‘TP14-44be
Project No. 711143 ('TP14-22-20", ‘TP14-2-84', “TRL gsame results were obtained with the others, differe
14-6") were used as test plants and those shodtdip  zeatin concentrations in combination with 1 mg IBA
primer runners collected in May were used as explangng the highest shoot number was taken from 0.5L&hd
The shoot tips were surface sterilized by keepirgmin g |1 Zeatin combinations, while the lowest from
96% alcohol for 5-10 seconds under sterile conm#tio -ontrol.
followed by two-step sterilization processes weaeried _In conclusion, the highest shoot number in eachritlyb
out. The explants were exposed to %15 sodiufjas obtained in 1 mgizeatin and in combination with 1
hypochlorite for 15 minutes, the outer leaves wergq |7 |BA. Propagation capacity in these concentrations
removed and the shoot apices were treated with 5§&s found to be greater and ranged from 21.94 3rtD2
sodium hypochlorite for 5 minutes to ensure comepletspoots per explants. Zeatin concentrations highéveer
surface sterilization. Following sterilization pesses, all g0 1 mg L[* brought about a decline in shoot number and
the explants were inoculated on media [7]. Murastsgd quality. Marcotrigiano et al. [39] stated optimunAB
Skoog [37] (MS) medium with 3% sucrose and 0.2%gncentrations to be in the range of 1-3 nigahd 0.3 mg
P.hytagel were used. Meristems were isolated _und@'l in propagation stage; however, Margara [40] painte
binocular microscope to possess one or two leafigndia oyt the most suitable BAP concentrations to be 1Lihg
and were cultured on MS medium for 4 weeks [38d.  Fyrther, Merkle [22] cited that 1.0 mg'IBAP and 0.5 mg
L™ BAP and 1 mg L IAA combinations were tested for | -1 |Ba or 2.0 mg ' BAP and 2.0 mg £ IBA

meristem growth and development stage. The follgwincompinations would be the best option for shoot

. Evaluation of Propagation Stages

eatin + IBA Concentrations

Table 1 gives the results of different zeatin
concentrations in combination with 1 mg' IBA on the
shoot number per explants in ‘TP14-22-20'. Cleatlyng
L? zeatin with 1 mg L' IBA gave the highest (21.94

[I. MATERIALS AND METHODS

treatments were used for propagation; . propagation. Koet al. [41] have observed that MS
a) 0,05, 1.0, 1.5and 2.0 mg [Zeatin + 1 mg L IBA. " medium supplemented with 1.0 mg BA and 0.1 mg L*
b) 0,0.5, 1.0, 1.5and 2.0 mg IDZ + 1 mg L* IBA. NAA gave better results as compared to 5 rifg3iA and

Observations were recorded for number of shoogggo mg L' NAA with respect to shoot regeneration in
produced per explants and the quality of the shoolgrawberry. These differences were most probabtpime

produced following treatment after three sub-celgur of different genotypes. But there haven't founddits
The treatments given in the rooting stage were: related to zeatin in propagation stages on strawber

@) AC(3gL7) 0.1,0.4,08and1.0mglBA+AC(3  Zeatin was found to be effective for shoot initatiin
gL). 1 . Vaccinum species [30]. All studies clearly revehhtt

b) AC(3gL) 01,04, 08and 1.0 mgINAA + AC  cytokinins should be used in combination with asxim
BglL). addition, cytokinins and auxins ratio should ber Inmre

in order to make propagation capacity higher.

Copyright © 2016 I1JAIR, All right reserved
398



International Journal of Agriculture Innovations and Researct
Volume 5, Issue 3, ISSN (Online) 2319-1473

TDZ + IBA Concentrations regeneration by strawberry leaf disc in MS mediumd a
The results of different TDZ concentrations infound that 1.5 mg £ TDZ and 0.4 mg L IBA gave the

combination with 1 mg & IBA are given in Table 2. TDZ better regeneration. However, differences among the

concentrations had a significant effect on shoaniper concentrations might possibly be related to thelamtp

per explants and the highest number was obtained. in type and also different genotype, but 1.0 and 1g5Lin

and 1.5 mg E TDZ in TDZ were determined to be the sufficiency levels.

Table 1. Shoot numbers in ‘TP14-22-20’, ‘TP14-2-84Table 2. Shoot numbers in ‘TP14-22-20", ‘TP14-2-84d
and ‘TP14-14-6' with regard to different Zeatin'TP14-14-6" with regard to different TDZ concentomts

concentrations in combination with 1 mg IBA in combination with 1 mg £ IBA
Hybrids Treatments No. of shoots Hybrids Treatments No. of shoots
(mg LY (shoots/explant) (mg LY (shoots/explants)
TP14-22-20 TP14-22-20
Control (MS) 422d* Control (MS) 4.22 c*
0.5 17.10b 0.5 17.45b
1.0 2194 a 1.0 26.32a
1.5 15.20 b 15 2795 a
2.0 10.35¢c 2.0 19.10b
L SDys 2.365 LSD%5 3.353
TP14-2-84 TP14-2-84
Control (MS) 4.69d Control (MS) 469 c
0.5 17.55 ab 0.5 17.35b
1.0 23.02a 1.0 25.29a
1.5 18.19b 15 29.39a
2.0 10.06 ¢ 2.0 19.76 b
L SDys 4.583 LSD%5 2.821
TP14-14-6 TP14-14-6
Control (MS) 4.89d Control (MS) 4.89c
0.5 22.21 ab 0.5 19.15b
1.0 23.19a 1.0 25.25a
1.5 19.16 b 15 27.32a
2.0 10.17 c 2.0 19.31b
L SDys 2.045 LSD%5 2.375
*Means followed by the same letters within columare not *Means followed by the same letters within columare not
significantly different at LSR5 significantly different at LSEs

combination with 1 mg £ IBA, while the lowest was in B. Evaluation of Rooting Stages
control. In ‘TP14-2-84', 1.5 mgLTDZ and 1 mg !IBA  IBA +AC Concentrations
combinations gave the maximum shoot number witB&8. Different concentrations of IBA in combination wiC
shoots per explants, followed by 1 mg IDZ and 1 mg showed a significant effect on root number in défe
L™ IBA combinations with 26.52 shoots per explantsstrawberry hybrids (Table 3). In ‘TP14-22-20", thighest
‘TP14-14-6" nearly gave the same results like ttiees, root number was observed in 3 § AC, having 9.57 roots
but at TDZ concentrations greater than 1.5 rMigahd less per plant. The higher the IBA concentration applitt
than 1 mg [ gave rise a decline in shoot number antkss was the root number produced. The longest root
quality and control gave also the less shoot nurfibeble |ength was also taken in 3 mg*IAC with 6.65 cm and
2). followed by 0.1 mg [} IBA + AC (5 g L") with 6.43 cm.
This work proved that TDZ addition had a positiveThe shorter root length was observed in the plaetted
effect on shoot propagation capacity and qualitye Most  with 1.0 mg ! IBA + AC (3 g L%). In addition, the
suitable concentrations were determined to be 11afd highest leaf number per plant was achieved onlp@;
mg L* TDZ in combination with 1 mg £ IBA. These while elevated IBA gave rise to a decline in leafrber.
concentration produced shoot number in higher dyant Regarding to stem diameter, an insignificant respomas
ranging from 25.23 and 28.33 shoot per explantfixed among the treatments.
Therefore, the superiority of TDZ to BAP was clear  |n ‘TP14-2-84’, a significant relation was recordsih
terms of shoot regeneration. Nonetheless, Wickreighs regard to treatments, and AC gave the better sesidt
and Fernando [21] were found BAP to be superiofDZ determined in ‘TP14-22-20’. The highest root numivas
in propagation stages in enhancing propagationoigpa similarly found in AC and elevated concentratiofi$BA
and shoot quality. Adadt al [42] reported; however, that caused a decrease on those as the same as ‘TRI4-22-
TDZ usage in combination with IAA was beneficiak fo The higher AC and the lowest IBA resulted in thegest
propagation in strawberries. Some researchers fthad length. The highest leaf number was observed oniG,
the combination of TDZ and IBA increased thewvhereas stem diameter showed statistical signifiean
proliferation of strawberry. In those study, kegpifDZ at among the treatments. Similar results were recofded
1.5 mg L, an increase of IBA concentration from 0.2 t0TP14-14-6'; however, the highest number of roaiotr
0.4 mg L-1 significantly increased regenerationicefhcy length and leaf number were found only in AC. Reiay
in terms of both percent of shoot regenerationramdber to IBA + AC, elevated IBA concentration had led @o
of shoots per explants [27]. Qiet al [43] studied decrease on those parameters.
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In summary, the use of AC in rooting stage wasoncentration increased the callus formation amdedesed
beneficial for rooting, plant growth and developiyenthe rooting capacity as well. Therefore, only ACswa
however, elevated concentrations of IBA in AC mediu found to be effective in terms of rooting, plant\gth and
caused rooting capacity to decrease. Thus, if ACIBA development. These findings are in agreement with
are to be used, 0.1 mg'lIBA in AC medium was found Waithaka et al [32], indicating callus formation
to be most suitable dose. The higher the IBA cotieon  enhancement in the supplemental addition of 1 KgA
used, the more was the callus formed which it's ndb the medium.
desired in meristem culture. These findings are in
agreement with those of Comlekgio and Kaka [44] IV. CONCLUSIONS
addressing the beneficial effects of AC usage wting
stages. Moreover, Lopezt al. [11] stated that a |n conclusion, for shoot propagation, the mostadlét
supplemental AC addition, 0.5 gL was sufficient for zeatin concentrations was 1 mg,land TDZ was 1mg't
proper rooting. and 1.5 mg [} in combination with 1 mgt IBA. Further,
NAA + AC Concentrations concentrations more than 1 mg Zeatin and than1.5 mg

In ‘“TP14-22-20", a statistical significance was recdrdeL™ TDZ caused negative affect on shoot propagatiah an
in NAA treatment and its combination with 3 ¢ IAC in  shoot quality. In rooting stage, AC utilizatiorthrer than
terms of root number per plant (Table 4). The higleot auxins had a positive influence on rooting, plardwgh
number was 8.47 per plant in just 3 g AC treatment and development. NAA enhanced callus formation and
followed by 0.1 mg ' NAA+AC (3g L") and 0.4 mg Ll depressed the rooting capacity; thus, elevated
NAA+AC (3 g L™, resulting in 5.33 and 4.53 roots perconcentration of NAA could be used in breeding isid
plant. The longest root and the highest leaf numit®ne for variation.
detected in only AC treatment, while stem diameter In clonal propagation, 1 mg'iZeatin + 1 mg [} IBA
response was insignificant to the treatments. and 1 mg ! TDZ + 1 mg L* IBA in propagation stages

Regarding ‘TP14-2-84’, AC gave the best resultoit and 3 g [* activated charcoal in the rooting stages were
length, root number and leaf number, but stem diamefound to be the best concentrations. The resultshef
was not influenced by the treatments statisticallle current experiment would be helpful for breedingdss
higher the NAA concentration, the lower were theéy shortening the breeding time; thus, new vasetieuld
measured parameters observed (Table 4). Moreas#ursc be achieved in short intervals.
formation was noticed in elevated NAA treatments.

In ‘TP14-14-6', different NAA and AC combination V. ACKNOWLEDGMENT
were found to be statistically significant on rowtmber,

root length and leaf number, while stem diametes m&  The authors thank TERA GRUP for supporting the
found to be statistically significant (Table 4).eThighest project and Bahar TANRIVERDI (technician) and

root number was 8.30 roots per plant in AC (3139 land  Mukaddes CIKER(technician)for their work in tissue
the lowest was from 1.0 mg'LNAA+AC (5 g L) with  yjture lab.

3.40 roots per plant. In addition, AC (3 §)Lalso gave the
highest root length with 6.60 cm, whereas 1.0 my L
NAA+AC (3 g L) resulted in the lowest number of roots
with 3.13 cm.

Finally, NAA + AC treatments showed similar respens
as received from IBA + AC and an elevation in NAA

Table 3. Number of roots, root length, number ael/ks and stem diameter in ‘TP14-22-20’, ‘TP14-2&4d ‘TP14-14-
6’ with regard to different IBA concentrations iarobination with 3 mg I* AC

Hybrid/Treatments No. of roots Root length (cm)  No.of leaves (leaf/plant)  Stermmuiger (mm)
(root/plant)
TP14-22-20
AC (3gLY 9.57 a* 6.65 a 10.17 a 4.12
0.1 mg ! IBA+AC (3 g LY 7.65b 6.45 a 9.62a 4.15
0.4 mg ! IBA+AC (3 g LY 7.25b 6.21 ab 8.25b 4.01
0.8 mg L IBA+AC (3 g LY 5.85¢ 5.55b 7.75b 4.00
1.0 mg ! IBA+AC (3 g LY 5.55 ¢ 461c 7.67b 3.95
L SDys 0.572 0.799 1.054 N.S.”
TP14-2-84
AC (3gLY 9.23a 6.53a 10.11a 4.12
0.1 mg ! IBA+AC (3 g LY 7.74Db 6.49 a 9.42b 4.11
0.4 mg ! IBA+AC (3 g LY 7.42Db 6.25 a 8.62¢c 3.89
0.8 mg L IBA+AC (3 g LY 6.21¢c 5.36b 8.21c 3.82
1.0 mg ! IBA+AC (3 g LY 5.85¢ 433c¢c 7.92¢ 3.81
L SDys 0.690 0.499 0.751 N.S.
TP14-14-6
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AC (3gLY 8.65a 6.55a

0.1 mg ! IBA+AC (3 g LY 7.46 b 6.33 a

0.4 mg ! IBA+AC (3 g LY 7.33b 6.17 a

0.8 mg L! IBA+AC (3 g LY 5.95¢ 5.25b

1.0 mg ! IBA+AC (3 g LY 5.55¢ 4.65b
L SDys 0.695 0.636

9.75a
9.73a
8.77b
7.01c
7.62 bc
1.023

International Journal of Agriculture Innovations and Researct
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4.09
4.10
3.99
3.89
3.71
N.S.

*Means followed by the same letters within colurans not significantly different at LSR

Table 4. Number of roots, root length, number ael/ks and stem diameter in ‘TP14-22-20’, ‘TP14-2&4d ‘TP14-14-
6’ with regard to different NAA concentrations inrsbination with 3 mg I AC

Hybrid/Treatments No. of roots Root length No. of leaves Stem diameter
(root/plant) (cm) (leaf/plant) (mm)
TP14-22-20
AC (3gLY 9.57a* 6.65a 10.17 a 4.12
0.1 mg ! NAA+AC (3 g LY 531b 5.10b 5.12b 4.10
0.4 mg ! NAA+AC (3 g LY 455¢ 5.10b 5.02b 4.00
0.8 mg ! NAA+AC (3 g LY 4.15¢ 3.71c 5.00b 4.15
1.0 mg L NAA+AC (3 g LY 3.34d 3.23¢ 4.00c 3.71
L SDys 0.485 0.625 1.426 N.S.”
TP14-2-84
AC (3gLY 9.23a 6.53a 10.11a 4.12
0.1 mg ! NAA+AC (3 g LY 6.32b 495b 5.06b 4.11
0.4 mg ! NAA+AC (3 g LY 6.31b 432c 5.03b 4.02
0.8 mg ! NAA+AC (3 g LY 5.55¢ 3.12d 5.07b 4.01
1.0 mg L NAA+AC (3 g LY 4.32d 3.03d 431c 4.02
L SDys 0.392 0.368 0.518 N.S.
TP14-14-6
AC (3gLY 8.65a 6.55a 9.75a 4.09
0.1 mg ! NAA+AC (3 g LY 421b 5.25b 5.37b 4.03
0.4 mg ! NAA+AC (3 g LY 4.11 be 511b 5.12b 4.01
0.8 mg ! NAA+AC (3 g LY 3.66 bc 3.32¢ 4.82b 4.01
1.0 mg L NAA+AC (3 g LY 3.45¢ 3.21c 4.72b 4.00
L SDys 0.758 0.456 0.632 N.S.

*Means followed by the same letters within colurans not significantly different at LSR
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