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ABSTRACT: The objectives of this study were to determine éffect of cutting type, and IBA (Indole-3-
butyric acid) on rooting of Turkish te&€#mellia sinensis (L.) O. Kuntze) clone ‘Fener-3’ cuttings. The cugs
collected at 1 September in 2012. After pre-treptiith 0, 2000, 4000 and 6000 ppm IBA, the cuttingth full
leaf and half leaf rooted in perlite medium in uvatesl trays under misting glasshouse for 60 daysl. than,
they all were removed from media to determine tinvigal rate, rooting rate, root number, root ldngtoot
diameter and root quality. In conclusion; survipalcentages varied from 70.0% to 90.0%. The highasival
percentage (90%) was observed on full-leaf cuttinggted with 6000 ppm IBA. The rooting percentagged
from 43.3% to 78.3%. The best results were obtafoedooting (78.3%), which is 6000 ppm IBA dosess
gathered with full- leaf cutting. The root lengtheried from 9.83 to 14.77 cm. The best result (Z4&m) was
taken from 6000 ppm IBA dose based on the full mafing. The root diameters varied from 0.99 mmi {80
mm. The best result (1.30 mm), prepared the falf &ittings, 6000 ppm IBA doses has been applicafithe
number of root varied from 3.40 to 6.37 units. Test results (6.37 units) were taken 6000 ppm IB&ed
based on the full-leaf cuttings. The quality of tio®t varied from 1.93 to 3.50 points. The besulte§3.50
points) was taken 6000 ppm IBA doses based onuléetf cuttings. Among all parameters the begetyf
cutting was full-leaf cutting, and 6000 ppm IBA wie most appropriate dose. The lowest rootingranting
quality were taken from control (O ppm IBA) treatme
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1. INTRODUCTION

Camellia sinensis (L.) O. Kuntze (Family: Theaceae) commonly knowntea plant is one of the most
important crops in the world (Ertirk et al., 2008he tea has received considerable interest imtg@ars as a
medicinal agent. Young shoots of tea bushes aralynprocessed into black tea, green tea, and ooteag
Among these, green tea is most beneficial to huhgaith. Recently reported pharmacological propereg.,
antioxidant, anti-inflammatory, anti-mutagenic, aadti-carcinogenic effects also served to incretise
popularity of green tea (Higdon and Frei, 2003; I@edet al., 2006; Pharn-Huy et al., 2008; Yuaal.e2011).

For tea crop production, Turkey is the fifty coynim the world, but the yield crop is very low (FADAT,
2013; TURKSTAT, 2013). Possible causes of lowedpation are likely insufficient field applicationabsence
of high quality sapling and other reasons for sepproduction and distribution.

Turkish tea clone ‘Fener-3' was selected in Rizgrk&y, 20 m in elevation in 1963. It is a hybrichibiting
Camellia sinensis (L.) O. Kuntze kind of peculiarities. It has a stgostructure and is durable to environmental
conditions. Its leaves are dark green in color ebded appearance. Shoots are succulent, fragdehaavy.
Shoot and first leaf are covered in plume let. Amdrurkish tea clones, it is considered as secober af
Derepazari-7 clone in terms of yield, and the valofebud shoot and polyphenol content (GDTE, 2014).

In tea gardens of the Turkey, mostly the genetidtypwf seeds has not existed because of seeccatgd
plant seedlings. Generally Chinese varieties haweitated in the gardens and, in addition, manytioéotypes
occurred with different forms of morphology, physigy, quality, and yield. Continuing tea productioy seed
would unavoidably result in new low yielding andatjty types (Ozbek et al., 1961; Ayfer et al., 188%
Altindal and Balta, 2002). For these reasons totsyhas been farmed by vegetative propagation.

Conventionally, tea plants propagated by rootingltvaood and semi-hardwood cuttings, budding, gngfti
and air layering. Mostly, semi-hardwood cuttings ased for large scale in propagation. Many profeigare
not using the first 6-8 nodes of freshly growingats for propagation purpose because of diffictdtyroot.
Commercial exploitation of the immature nodal et is limited by heavy losses during rooting aatkning
procedures. Normal cuttings without treatment @nplgrowth regulators are also difficult for rogtifKinez,
1967; Rout, 2006; GDTE, 2014).

Rooting success of cuttings have been affected &yynfiactors such as type of cutting, mist, tempeeat
control, collection times, use of shade, rootingdimeand materials structural factors, growth suirsta

treatments, some chemical treatments, and enviroraiactors etc. (Rajasekari and Sharma, 1989n@hal.,
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1990; Hartmann et al., 2002; Rout, 2006). Auxin besn also known to be intimately involved in thegess of
adventitious root formation in cuttings (Wiesmanmle, 1988; Rout, 2006; Zenginbal and Ozcan, 2014)

In 1928, the first experiments on cutting propagatof tea started in India, where types and vasetiad
important differences for rooting capabilities. Seguent research revealed that cuttingSieénsis varieties
and its hybrids were rooted easily, but thos@sshmica had some difficulties (Kinez, 1967). In Turkeye tfirst
study on tea propagation by cutting was performgdQzbek et al. (1961), reporting auxin applications
stimulated the rooting significantly. Similar resuvere also reported for auxin in a subsequentysba ‘Fener-
3’ tea clone (Kinez, 1967). In recent years sdvstadies were carried out on the effects of plgrawth
regulators such as IAA, IBA and NAA (Khan et al991; Rout, 2006; Ertiirk et al., 2008; Waheed ¢t24110),
to promote rooting of teaCamellia sinensis L.), IBA (Indole-3-butyric acid) were found to beost effective
chemical. As the results of some experiments, i@ (Khan et al., 1991), 50-100 ppm (for 24 hou8§Q0
ppm (for 5 sec.) (Ayfer et al., 1987a), 75 ppm (f@ hours) (Rout, 2006), 2000 ppm (Ertirk et 8008 and
2500-3000 ppm (Waheed et al., 2010), could be tsgdt better rooting.

To reach the desired level for tea cultivation iarkey, it is compulsory that clonal cuttings shoble
produced from high yielding and quality tea typesl &ea plantations should be established by thegmgs.
The aim of present study was to determine the dfpruttings, and the effect of plant growth regotat(IBA)
on rooting percentage and quality of a hardly rogptf Turkish tea clone ‘Fener-3'.

2. MATERIAL AND METHOD
2.1. Collection of plant material

The research was performed in Atatirk Tea and &ldttiral Research Center in Rize. In this studyiiroo
taken from ‘Fener-3’ clonegCamellia sinensis var.sinensis (L.) O. Kuntze). The ‘Fener-3’ clone bushes garden
established on a flat field (North: 41° 01', Eai1° 30", Altitude: 106). Soil structure was sandipamy. Soil
analyses on soil taken in 20 cm below of soil stefavere the following:
pH: 4.65 - 5.35; organic matter : 0.14 - 3.96 &taltnitrogen content: 0.14 — 0.24%;
available ROs: 13 -30 ppm; exchangeablg® 80-370 ppm
2.2. Pretreatment of cuttings

The 20-year-old ‘Fener-3’ clone bushes for cuttingse pruned in December and cuttings were takam fr
newly emerged shoots at 1 September in 2012. Wekldped disease free cuttings with full and hadiflare
3.5to 4 cm in length were prepared and disinfebted fungicide (0.2% Benlate for 10 minutes) agafangus

infections. After disinfection they were quickly sleed three times in distillated water. These cgstifor all
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IBA applications and replications were bulked ahent dipped approximately 1 cm in IBA (0, 2000, 4@0@
6000 ppm) for 5 sec at the same time and allowealrtdry. IBA solution was freshly prepared by dising
IBA powder (Merck Chemical Co.) in an ethanol/deervater (50% / 50%) solution. Cuttings in the coht
group were treated with 50% ethanol + 50% ster#gew
2.3. Rooting media and growth conditions

After IBA applications, cuttings were placed inyisdfilled with perlite media to depth of 10 cm unaeist
(15 s/6 min) in glasshouse maintained 212 Rooting was performed in unheated glasshousetendpper
part rooting media was shaded by using of porolgepitylene with 70% light transmittance. For rogtitime-
dependent automatic mist-propagation system waat §€-90% level. The data on rooting and root ghowere
obtained after 60 days.
2.4, Scoring of datain rooting experiment
At the end of rooting period, survival rate (%)otiag rate (%), root number (unit/cutting), roobdgh (cm), root
diameter (mm) and root quality (1-4 points) (Celllg82) were determined. The daily mean temperaace
relative humidity measurements (1 hour’s intervalsye used a mechanical data logger (HOBO U10 TRekip/
data logger).
2.5. Statistical analysis

Experimental design used was a randomized completk design with three replications. Each replaat
contained 20 cuttings spaced 5 cm apart. Data sgpdeas percentage (rooting rate and survival vedeg
transformed using the arc-sin transformation. Data analyses were done using tiatearoutine SPSS
statistical package (SPSS, 2011) via license ofcRumr Mayis University. Design of the experiment was
evaluated as 2 X 4 factorial. Before the ANOVA $edtomogeneity of variances were examined with bheve
variance homogeneity test. Variances of all traise found homogeneous (P>0.05). Duncan test wed fias
multiple comparisons.
3.RESULTS
3.1. Climatic Data

Experiment carried out in the glasshouse wherey daéan relative humidity (%) and temperatu) (were
recorded during 1 September to 1 November in 20d&sy (Figure 1). As shown in Figure 1, mean daily
temperatures varied from 12.C to 24.6'C. Mean daily relative humidity varied from 54.7%90.7%. These

temperature and relative humidity values were cdiblgawith those reported previously (TSMS, 2014).
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Figure 1. Changing of daily mean temperature and relativaitlity during the days after cutting

3.2. Survival Rate

The effects of IBA and type of cutting on the sualirate of tea cuttings are summarized in Tab dnd 3.
Survival rate was insignificantly affected by thnteraction of IBA treatment and cutting type (P&).(Table
1). The survival percentages varied from 70.0%0®%. The highest survival percentage (90%) waoked
on full-leaf cuttings treated with 6000 ppm IBA.&BA application had insignificant effect (P<0.@@gble 2).
The best results were obtained (87.5%) from 6008 A doses. The type of cutting had insignificaffiect
(P<0.05) (Table 3). The highest result (80.4%) wlaserved full-leaf cuttings.
3.3. Rooting Rate

The rooting of tea cuttings are summarized in Thb® and 3. Rooting was significantly affected b t
interaction of IBA treatment and type of cutting<(P01) (Table 1). Rooting percentage varied fronB#3to
78.3%. The best results were obtained for rootit®y3%), which is 6000 ppm IBA doses, was gatherégd w
full- leaf cutting. IBA doses had significantly efft (P<0.01) on rooting percentage (Table 2). Tés besult
was obtained for rooting (76.7%), which is 6000 piBA dose. In our study, the result showed thatdieme
‘Fener-3’ is able to root at low level 44.2% withcany treatment. All the other treatments IBA iraged
rooting percentage. The type of cutting had indigant effect (P<0.05) (Table 3). The highest re¢65.0%)

was observed full-leaf cuttings.
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3.4. Root Length

Results in Table 1 show that there were insignificefected by the interactions between IBA condian
and cutting type on the root length of tea cutting$0 days after establishment. The root leng#nged from
9.83 to 14.77 cm. The best result (14.77 cm) wkerta&000 ppm IBA dose based on the full leaf cgttifihe
root length was insignificant effect (P<0.01) ofABpplication (Table 2). The best results were ioletzh (13.98
cm) 6000 ppm IBA doses. The type of cutting haaisicant effect (P<0.05) (Table 3). The highesufegl3.95
cm) was observed full-leaf cuttings.
3.5. Root Diameter

The root diameter of tea cuttings are summarizedablel, 2 and 3. The root diameter was signifigant
affected by the interaction of IBA treatment andeyof cutting (P<0.01) (Table 1). The root diametearied
from 0.99 mm to 1.30 mm. The best result (1.30 npmpared the full leaf cuttings, 6000 ppm IBA dobas
been application. The IBA application had signifitaffect (P<0.05) (Table 2). The best result whsioed
(1.24 mm) 6000 ppm IBA doses. The type of cuttiad kignificant effect (P<0.05) (Table 3). The higthesult
(1.23 mm) was observed full-leaf cuttings.
3.6. Root Number

When looked at the impact on the root number (Thi2eand 3), IBA dose x type of cutting had a digant
effect (P<0.01) (Table 1). The number of root vérieom 3.40 to 6.37 units. The best results (6.8ifsy were
taken 6000 ppm IBA doses based on the full-leafroyg. Root numbers were significantly affected@®4) by
application of IBA. The highest result (6.13 upigas obtained 6000 ppm IBA application. The typeudting
had significant effect (P<0.05) on the root numtietea cutting. Full-leaf cuttings had greater rootnber than
half-leaf cuttings.
3.7. Root Quality

Analyzed data on the root quality the IBA treatmertiype of cutting interaction and IBA treatmentreve
insignificant (Table 1 and 2). The quality of tte®t varied from 1.93 to 3.50 points. The best te860 points)
was taken 6000 ppm IBA doses based on the full-tedfings. The type of cutting had significant etfe
(P<0.05) on the root quality of tea cutting (TaBle Full-leaf cuttings had greater root number thaif-leaf
cuttings.
4. DISCUSSION

This experiment was designed to investigate theofadIBA and type of cutting), which might affettte

rooting performance of semi-hardwood cuttings ef ¢tenes ‘Fener-3’. As a result of all these firgdinamong



169 all parameters the best type of cutting was fudFleutting, 6000 ppm IBA was the most appropriatsed IBA
170 treated cuttings generally rooted significantly téetthan water-treated (control) cuttings. In preésstudy,
171  control cuttings rooted poorly, but responded ghhioncentration of IBA (6000 ppm). Applicationsedévated
172  concentration of IBA increased rooting. Indeed, Wea1972) stated that growth regulators (auxisnged
173 the number and the type of root was a manufaciifréine strong fringe root. Also, Kinez (1967), Ayfet al.
174 (1987a)Khan et al. (1991), and Rout (2006), Waheed €28l10) also reported that treating cuttings witkiau
175 (IBA) increased the percentage of rooting, rootiation, root number and as well as uniformity obts in
176 cCanmellia sinensis. It is evidence that the cuttings of different ifrispecies require different optimum
177 concentrations of IBA to promote rooting. Dippirgetbases of hardwood peach, plum, mulberry andkiitvi
178 cuttings in solution containing IBA in the range 2000 to 6000 ppm was effective in stimulating root
179  production (Balta and Sen 1990; Hepaksoy and UB851Unal and Hepaksoy 1995; Zenginbal and Ozcan,
180 2014). In terms of type of cutting in cutting teetfull-leaf cutting had better results than a tedff cuttings. In
181  cutting the leaves and buds, prepared had a pesitfect on the number of root and root formatidartmann et
182 al, (2002), the presence of leaf cuttings physjcal and morphological report of activities cadrieut more
183  quickly. In addition, Ayfer et al. (1987b), Zengadband Ozcan (2014), the presence of a leaf csttingting
184  and root state that has a positive impact in tesfmaimber.

185 5.CONCLUSION

186 As a result of this study, rooting of ‘Fener-3' Kigh tea clones cuttings for rooting in order ts@e a
187  successful, good selection of cuttings and appatgiionditions must necessary. Therefore mistingshading
188 systems and perlit media should be use for suadgssbtting of cuttings. In addition, among allraaneters the
189 best type of cutting was full-leaf cutting, and 6Qfpm IBA was the most appropriate dose. The lonasting
190 and rooting quality were taken from control (O p{BA) treatment.
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Table 1. Interactive effect of IBA concentration and cuttityge on rooting and root growth of semi-hardwoattings of tea clone (Fener-3) at 60 days afteatdishment

Type of Cutting IBA Doses Survival Rat Rooting Rat Root Lengtl Root Diameer Ro_ot Numbe| Root Ql_JaIity
(ppm) (%) (%) (cm) (mm) (unit / cutting) (0-4 points)
0 (control) 70.6(56.84 + 1.81)  45.0 (42.37 +5.08) cd 9.93+1.12 1.20+0.04ab 4.17+0.38 cd 2.47 +0.47
Half — Leaf 2000 76.7 (40.43+16.53) 55.0(47.88+1.67) bcd 9.83+1.30 1.03+0.05¢ 3.40+0.23d 1.93 £0.3
4000 76.7 (61.14 £ 1.14) 71.7 (57.86 £ 1.07) ab 002 1.63 0.99+0.06 c 4,77 £0.64 bc 2.83+0.52
6000 85.0 (67.21 + 0.00) 75.0 (60.00 = 0.00) a 03xD.00 1.18 £0.00 ab 5.90 + 0.00 ab 3.20+0.00
0 (control) 73.3 (59.33 £ 4.76) 43.3 (41.15+1.62) 12.90 £ 2.89 1.27 £0.09 ab 5.00 £ 0.17 bc 2088
Full — Leaf 2000 78.3 (62.90 = 5.16) 63.3(53.39+8.08) abc  .1341.15 1.21 +0.02 ab 5.37 + 0.49 abc 3.00150.
4000 80.0 (63.43 + 0.00) 75.0 (60.00 + 0.00) a 040.00 1.12 £ 0.00 bc 5.60 + 0.00 ab 3.00+0.00
6000 90.0 (71.56 = 0.00) 78.3 (62.48 £ 3.05) a 141.05 1.30+0.00 a 6.37 +0.52 a 3.50+0.15
Significant 0.105 0.003 0.175 0.002 0.001 0.082
T Original data 2 Transformed data * Mean within a columnduled by the same letter are not significantly défe
Table 2. Combined mean of rooting and root growth at difféd&8A concentration of tea clone (Fener-3) at @9siafter establishment
IBA Doses Survival Rate Rooting Rate Root Length Root Diameter Root Number Root Quality
(ppm) (%) (%) (cm) (mm) (unit / cutting) (0-4 points)
0 (control) 71.7(58.08 + 2.34) 44.2 (41.76 £ 2.45) ¢ 11.42 +1.54 1.23+0.05a 584:0.27 b 2.73+0.29
2000 77.5(51.67 £9.23) 59.2 (50.63+3.89) b 819.23 1.12+0.05 ab 4.38+0.50b 2.47+0.29
4000 78.4 (62.29 £ 0.72) 74.4 (58.93 £ 0.68) a 030.85 1.05+0.04 b 5.18 +0.34 ab 2.92+0.24
6000 87.5(69.39 £ 0.97) 76.7 (61.24+1.47)a 839.59 1.24+0.03a 6.13+0.26 a 3.35+0.10
Significant 0.098 <0.001 0.398 0.011 0.010 0.106
T Original data 2 Transformed data * Mean within a columnduled by the same letter are not significantly déffe
Table 3. Combined mean of rooting and root growth at difféi@utting type of tea clone (Fener-3) at 60 ddier @stablishment
Type of Cutting Survival Rat Rooting Rat Root Lengtl Root Diamete Ropt Numbe Root Qqalitz
(%) (%) (cm) (mm) (unit / cutting) (0-4 points)
Half — Leaf 77.4(56.4 + 4.65) 61.7 (52.03 + 2.47) 11.24+0.66 b 1.10+0.03 b 564:0.32 b 2.61+0.22b
Full — Leaf 80.4 (64.3 + 2.01) 65.0 (54.25 + 3.12) 13.95+0.73 a 1.23+0.03a 5.58+0.22a 3.13ta
Significant 0.133 0.582 0.012 0.011 0.015 0.048

T Original data 2 Transformed data * Mean within a columnduled by the same letter are not significantly défe



