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Type of cutting, rooting hormone Indol-3-burtyric acid (IBA), collection time are
critical factors that affect rooting development of semi-hardwood cuttings. In this study,
the objectives were to determine the best type of cutting, collection times and the effect of
IBA (Indol-3-burtyric acid) hormone on rooting of Turkish Tea (Camellia sinensis L.) clone
(Muradiye-10) cultivars. The cuttings were collected on 15 July and 1 August. After pre-
treating with 0, 2000, 4000 and 6000 ppm IBA, the cuttings with full leaf and half leaf
cuttings were rooted in perlite medium at the unheated but mist propagated glasshouse.
Semi- hardwood cuttings were exposed to the rooting media for 60 days, and then, they all
were removed from media to determine the survival rate, rooting rate, root number, root
length, root diameter, and root quality. In both years, the survival rates were between 65.0-
98.3%; the rooting rates between 10.0-95.0%); the root numbers between 2.2-8.4; the root
lengths between 5.9-16.8 cm; the root diameters between 0.60-1.21 mm and the root
qualities between 1.56-3.76. The highest rooting and rooting quality were from semi-
hardwood cuttings prepared with full leaf cuttings on August 1st. All the cuttings were
treated with 4000 and 6000 ppm IBA. The lowest rooting and rooting quality were from
control (0 ppm IBA) treatment.
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Tea [Camellia sinensis (L.) O.Kuntze] The tea has received considerable

is an evergreen shrub that widely cultivated
throughout the tropics and subtropics
especially in hilly or mountainous regions
for its tender leaves that are dried and used
for a mildly stimulating beverage (Hodgson
et al., 1999). Today, tea is one of the most
widely used beverages in the world, second
only to water and an important cash crop
throughout different production areas of the
world. Planted area for this plant has
reached 3.276 million ha resulting in
4.818.118 ton production in the world. The
most important tea producing countries are
China, India, Kenya, Sri Lanka, and Turkey
(Anon., 2012).

interest in recent years as a medicinal agent.
Young shoots of tea bushes are mainly
processed into black tea, green tea, and
oolong tea. Among these, green tea is most
beneficial to human health. Recently
reported pharmacological properties, e.g.,
antioxidant, anti-inflammatory, anti-
mutagenic, and anti-carcinogenic effects
also served to increase the popularity of
green tea (Higdon and Frei, 2003; Cabrera et
al., 2006; Pharn-Huy et al., 2008; Yuan et al.,
2011).

Yield crop of tea is very low in
Turkey according to per producing area
although it is fifth tea producing country in
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the world (Anon., 2013a). Possible causes
for lower production are likely insufficient
field applications, absence of high quality
sapling and other reasons for sapling
production and distribution.

In tea gardens of the Turkey, mostly
the genetic purity of seeds has not existed
because of seed replicated plant seedlings.
Generally Chinese varieties have dominated
in the gardens and, in addition, many of
other types occurred with different forms of
morphology, physiology, quality, and yield.
Continuing tea production by seed would
unavoidably result in new low yielding and
quality types (Ayfer et al., 1987a,b; Altindal
and Balta, 2002). For these reasons today,
tea has been farmed by vegetative
propagation (cutting and tissue culture).

Cutting on rooting success has been
affected by many factors such as type of
plant material, hormone use, collection
times, use of shade, rooting mediums and
materials structural factors, some chemical
treatments, and environmental factors etc.
(Ayfer et al, 1987a, b; Giinler, 1989;
Hartmann et al. 2002). In the present study,
the aim was to determine the effects of
different collection times, the type of
cuttings, and the effect of plant growth
regulators (IBA) on rooting percentage and
quality of a hardly rooting tea clone,
Muradiye-10.

Materials and Methods

The research was performed in tea
garden and glasshouse of the Rize Atattirk
Tea Research Institute of during 2010-2011.
In this study, the tea plant material
Muradiye-10 clones were used. The garden
providing the cuttings was established on a
flat field (North: 41° 01', East: 40° 30/,
Altitude: 106). Soil structure was sandy-
loamy. Soil analyses on soil taken in 20 cm
below of soil surface were the following:
pH: 4.65-5.35; organic matter : 0.14-3.96%;
total nitrogen content: 0.14-0.24; available
P>0s: 13-30 ppm; exchangeable K>O: 80-370
ppm

The 20-year-old stud plants for
cuttings were pruned in December and
cuttings were taken from newly emerged

shoots in two different times on 15 July and
1 August respectively. Well-developed
disease free cuttings with full-leaf and half-
leaf shoots, 3.5 to 4 cm in length were
prepared and disinfected by a fungicide
(Benlate)  against fungus infections.
Cuttings, after treated by IBA doses of 0
(control), 2000, 4000, and 6000 ppm were
transferred to rooting perlite medium for 60
days. Rooting was performed in unheated
glasshouse and the upper part rooting
media was shaded by using of porous
polyethylene with 70% light transmittance.
For rooting, time-dependent automatic
mist-propagation system was set at 70-90%
level. At the end of rooting period, survival
rate (%), rooting rate (%), root number
(unit/cutting) quantity), root length (cm),
root diameter (mm) and root quality were
determined.

Experimental  design was a
randomized complete block design in a split
plot arrangement with three replications,
each having 20 cuttings. Data expressed as
percentage (rooting rate and survival rate)
were transformed using the arc-sinVx
transformation, and statistical analyses of
transformed data were done by MSTAT-C
pocket program (Russell D. Freed, Crop and
Soil Sciences Department, Michigan State
University). Duncan’s Multiple Range Test
was used to indicate the differences
between the averages. The differences
between the level of significance in
evaluating the results were explained at 5%
as important and 1% as very important.

Results

Experiment carried out in the
glasshouse where relative humidity (%) and
mean temperature (°C) were recorded
during July 15 to October 1 in both years
(Fig 1, 2). As shown in Fig 1, 2 mean daily
temperatures varied from 18.6 °C to 29.9°C
in 2010 and from 12.9 °C to 28.6 °C in 2011.
Mean daily relative humidity varied from
61.3% to 88.3% in 2010 and from 62.3% to
89.3% in 2011.

The effect of the treatment (IBA,
collection time, type of cutting) on survival,
rooting, and root numbers of tea semi
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hardwood cutting are summarized in Table
1. In terms of survival rate, significant
differences were detected between IBA
application (P<0.01), collection time x type
of cutting interaction was also found to be

significant (P<0.05) fort his parameter in
both year. The collection time and type of
cutting had significant effect (I’<0.01) on
survival rate in 2011.
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Table 1. Effect of tea cutting of different cutting time, cutting type and IBA dozes cutting survival rate (%), rooting rate (%) and root number (unit/cutting) in Muradiye-10

Cutting Survival Rate (%) Rooting Rate (%) Root Number (unit / cutting)
e Collection Eﬁ?ﬁg IBA Hormone Doses (ppm) IBA Hormone Doses (ppm) IBA Hormone Doses (ppm)
Ti
me 0 2000 4000 6000 Mean 0 2000 4000 6000 Mean 0 2000 4000 6000 Mean

2010 15 July Half — Leaf 81.7 86.7 88.3 96.7 88.4ab 10.0 66.7 683 80.0 56.3b 22d 43bd 36cd 41bd 35
Full — Leaf 90.0 88.3 96.7 91.7 91.7a 150 61.7 817 88.3 61.7b 26d 53ac 59ab 7.1a 52
Mean 85.9 87.5 92.5 94.2 90.1 125 642 75.0 84.2 59.0 b** 2.4 4.8 4.8 5.6 4.4 b**
1 August  Half — Leaf 68.3 95.0 98.3 91.7 88.3ab 183 85.0 950 88.3 71.7a 23d 59ab 6.2ab 55ac 4.9
Full — Leaf 65.0 85.0 90.0 91.7 829b 133 76.7 783 91.7 650b 6.0ab 64ab 59ab 6.2ab 6.1

Mean 66.7 90.0 94.2 91.7 85.6 15.8 809 86.7 90.0 68.4a** 4.1 6.1 6.0 5.8 5.5a**
Overall Mean Half — Leaf 75.0 90.9 93.3 94.2 88.4 14.2 759 817 84.2 64.0 2.2 51 4.9 4.8 4.2 b**
Overall Mean Full — Leaf 77.5 86.7 934 91.7 87.3 14.2 69.2 80.0 90.0 63.4 43 5.8 5.9 6.6 5.7 a**
Overall Mean IBA 76.3b 888a 934a 930a 879 142b 726a 809a 87.1a 637 33b b55a 54a 5.7a 4.9
LSDiy (IBA): 9.68 LSDsy, (Cutting Time x Type of Cutting): 7.47 LSDy (IBA): 1.32
LSDsy (Cutting Time x Type of Cutting): 7.19 LSDi (IBA): 10.05 LSDsy, (Cutting Time x Type of Cutting x IBA): 1.96
2011 15 July Half — Leaf 80.0 83.3 96.7 98.3 89.6 36.7 633 833 91.7 68.8 3.0 54 7.2 7.8 5.8
Full - Leaf 76.7 81.7 95.0 95.0 87.1 40.0 66.7 88.3 93.3 72.1 3.4 6.1 7.8 8.1 6.3
Mean 78.4 82.5 95.9 96.7 88.4b** 384f 650d 858b 925a 704a** 3.2 57 7.5 7.9 6.1 b*
1 August Half — Leaf 76.7 81.7 93.3 91.7 85.9 36.7 550 76.7 83.3 62.9 3.2 5.7 7.3 8.0 6.0
Full - Leaf 75.0 80.0 90.0 90.0 83.8 31.7 53.3 80.0 81.7 61.7 35 6.2 8.3 8.4 6.6
Mean 75.9 80.9 91.7 90.9 848a** 342f 540e 784c 825bc 623b** 3.3 6.0 7.8 8.2 6.3 a*
Overall Mean Half — Leaf 78.4cd 825c 95.0a 95.0a 87.7a** 36.7 59.2  80.0 87.5 65.9 31 5.6 7.3 7.9 5.9 b**
Overall Mean Full — Leaf 759d 809cd 925b 925b 854 b** 359 60.0 84.2 87.5 66.9 3.4 6.1 8.0 8.2 6.5 a**
Overall Mean IBA 772b 817b 93.7a 93.7a 86.6 36.3d 59.6¢c 82la 875b 664 33d 59c¢ 770 8.la 6.2
LSDy (IBA): 3.50, LSDss, (Type of Cutting x IBA): 3.68 LSDy (IBA): 2.93, LSDsy, (Cutting Time x IBA): 3.08 LSD, (IBA): 0.29
* Values not associated with the same letter are significantly different (P<.005) ** Values not associated with the same letter are significantly different (P<.001)
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Table 2. Effect of tea cutting of different cutting time, cutting type and IBA dozes the longest root length (cm) and diameter (mm) and root quality (0-4 poin) in Muradiye-10

Root Length (cm)

Root Diameter (mm)

Root Quality (0-4 points)

Cutting Type of
Year Co#lier;:]t;on Cutting IBA Hormone Doses (ppm) IBA Hormone Doses (ppm) IBA Hormone Doses (ppm)
0 2000 4000 6000 Mean 0 2000 4000 6000 Mean 0 2000 4000 6000 Mean
2010 15 July Half — Leaf 5.9 12.3 9.2 8.9 9.1 0.60 0.90 0.79 0.73 0.75 1.56 2.38 2.96 2.65 2.37
Full — Leaf 7.0 15.1 154 13.3 12.7 0.68 0.92 0.90 0.83 0.83 1.58 3.52 3.52 3.47 3.02
Mean 6.4 13.7 12.3 111 109b** 0.64d 091bc 084bc 0.78cd 0.79 b** 1.57 2.95 3.24 3.06 2.71 b**
1 August Half — Leaf 10.0 15.1 13.8 13.3 13.0 1.21 0.91 0.93 0.95 1.00 181 3.37 3.43 3.70 3.08
Full — Leaf 114 16.2 155 15.0 145 0.98 1.04 1.03 0.93 1.00 2.92 3.58 3.40 3.68 3.40
Mean 10.7 15.6 14.6 14.2 13.8a** 1.10a 098ab 098ab 0.94ac 1.00a** 2.36 3.48 3.42 3.69 3.24 a**
Overall Mean Half — Leaf 7.9 13.7 115 111 11.1b** 0.91 0.91 0.86 0.84 0.88 1.68 2.88 3.20 3.17 2.73 b**
Overall Mean Full — Leaf 9.2 15.6 15.4 14.2 13.6 a** 0.83 0.98 0.96 0.88 0.91 2.25 3.55 3.46 3.58 3.21 a**
Overall Mean IBA 86b 147a 135a 126a 124 0.87 0.94 0.91 0.86 0.90 197b 32la 333a 338a 297
LSDy (IBA): 2.95 LSDjy (Cutting Time x IBA): 0.17 LSD1 (IBA): 0.63
2011 15 July Half — Leaf 7.9 12.7 14.9 14.9 12.6 0.79 0.86 0.96 1.02 0.91 2.25 2.61 3.44 3.37 2.92
Full — Leaf 8.3 14.7 15.9 16.3 13.8 0.82 0.91 1.07 1.08 0.97 242 2.8 3.57 3.68 3.12
Mean 8.1 13.7 154 15.6 132b** 0.80b 0.89b 1.02a 1.05a 0.94b** 234 2.70 3.51 3.53 3.02 b*
1 August Half — Leaf 8.5 14.2 16.4 16.4 13.8 1.08 1.00 1.02 1.07 1.05 2.33 2.72 3.59 3.50 3.04
Full — Leaf 8.9 14.4 16.7 16.8 14.2 1.08 1.05 114 1.17 111 2.46 3.15 3.70 3.76 3.27
Mean 8.7 14.3 16.5 16.6 140a** 1.08a 1.03a 1.08a 112a 1.08a** 2.39 2.93 3.64 3.63 3.15a*
Overall Mean Half — Leaf 8.2 134 15.6 15.6 13.2b** 0.94 0.93 0.99 1.05 1.00 2.29 2.66 3.51 3.44 2.98 b**
Overall Mean Full — Leaf 8.6 14.5 16.3 16.5 14.0a** 0.95 0.98 1.10 1.12 1.04 244 2.97 3.64 3.72 3.19 a**
Overall Mean IBA 84c 140b 16.0a 16.1a 136 094b 096b 105a 1.05a 1.02 237¢c 282b 358a 358a 3.09

LSDa (IBA): 0.89

LSDsy (IBA): 0.08, LSD1y, (Cutting Time x IBA): 0.12

LSDy (IBA): 0.23

* Values not associated with the same letter are significantly different (P<.005)

** Values not associated with the same letter are significantly different (P<.001)
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Other applications had insignificant
effect in both years. The survival rate varied
from 65.0% to 96.7% in 2010 and from 75.0%
to 98.3 % in 2011. The best results in every
two years for collection time (90.1%, 88.4%
respectively) were on July 15; for type of
cuttings were half leaf cuttings (88.4%,
87.7% respectively); for IBA treatments were
4000 ppm IBA applications (93.4%, 91.7%
respectively).

The rooting rate was very significant
effect (P<0.01) applications of IBA and
collection time (every two years), triple
interaction (in 2010) and collection time x
IBA applications (in 2011) significant effect
(P<0.05). Rooting rate varied from 10.0% to
95.0% in 2010 and from 31.7% to 93.3% in
2011. The best results were taken in August
1, 4000 ppm IBA doses based on the half
leaf cuttings. The control group had the
lowest results for cuttings.

When looked at the impact on the
root number of applications in 2010,
collection time, type of cutting, and IBA
applications had a significant effect
(P<0.01), triple interaction had a significant
effect (P<0.05). In 2011, the IBA applications
and type of cutting had a significant effect
(P<0.01), cutting time had a significant
effect (P<0.05). The number of root varied
from 2.2 to 7.1 units in 2010 and from 3.0 to
8.4 units in 2011. The best results in 2010
and 2011 (7.1 wunits and 8.4 units,
respectively) taken on 15 July 2010, 1
August 2011 and 6000 ppm IBA treatment
based on the full leaf cuttings were
prepared.

The results of root length (cm), root
diameter (mm) and the root quality (0-4
points) were in Table 2. Based on these
results over, the root length in two years,
doses of IBA, type of cutting and collection
time was very significant (P<0.01) effect.
The root lengths varied from 5.9 to 16.2 cm
in 2010 and from 7.9 to 16.8 cm in 2011. The
best results (162 c¢cm and 16.8 cm
respectively) were taken from the full leaf
cuttings prepared on August 1, in 2010 2000
ppm, in 2011 6000 ppm IBA application.

On the root diameter in 2010,
collection time and collection time x IBA of
applications were very important effect
(P<0.01); in 2011, collection time and
collection time x IBA of applications were
very important effect (P<0.01), IBA of
application was important effect (P<0.05).
The diameters varied from 0.60 mm to 1.21
mm in 2010 and from 0.79 mm to 1.17 mm
in 2011. The best result in 2010 (1.21 mm),
taken on 1 August, prepared the half leaf
cuttings, 0 ppm (control) IBA has been
application. The best result in 2011 (1.17
mm), taken on 1 August prepared the full
leaf cuttings, 4000 ppm IBA has been
application.

Analyzed data on the root quality in
2010, the cutting type and collection time
and IBA applications were very important
effect (P<0.01); in 2011, the IBA application
and type of cutting was very significant
effect (P<0.01), collection time was
significant effect (P<0.05). The quality of the
root varied from 1.56 to 3.70 in 2010; from
2.25 to 3.76 in 2011. The best result in every
two years taken on August 1 and 6000 ppm
IBA treatment based on the full leaf cutting
were prepared.

Discussion

According to the results of
temperature and relative humidity values
were compatible with those reported
previously (Anon., 2013b).

As a result of all these findings,
among all parameters the best type of
cutting was full leaf cutting, 4000 and 6000
ppm IBA was the most appropriate dose.
Survival and rooting rate parameters on
July 15 was the most suitable time for
collection time, for the other parameters
August 1 was determined. Indeed, Weaver
(1972) stated that growth regulators
changed the number and the type of root
and IBA was a manufacturer of the strong
fringe root. Researchers, who studied the
cutting reproduction of tea and other fruit
(Ayfer et al, 1987a; Ugler et al., 2004;
Zenginbal and Ozcan, 2013; Zenginbal and
Ozcan, 2014) obtained similar results.
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In terms of collection time, rooting
was better on 1 August. Kinez (1967), in a
tea propagation study by cutting in Rize,
cuttings taken in the beginning and in the
middle of August resulted in higher results.
Eliadze et al. (1978), tea cuttings taken
during June to October, and vitality and
rooting rate of cuttings increased from June
to August, and then decreased Also
Gabrichidze et al. (1976) in their study
cutting taken in April, August and October.
The cuttings taken in August compared
with April, October due to the low N and
high sugar levels in August described as
were the best cutting time in terms of
rooting and root number.

In terms of type of cutting in cutting
to the full-leaf cutting had better results
than a half-leaf cuttings. In cutting the
leaves and buds, prepared had a positive
effect on the number of root and root
formation, Hartmann et al. (2002), the
presence of leaf cuttings physiological and
morphological report of activities carried
out more quickly. In addition, Zenginbal
and Ozcan (2014), the presence of a full-leaf
kiwifruit cuttings rooting and root state that
has a positive impact in terms of number.

Due to the simplicity, the tea plant is
reproduced by seeds  traditionally.
However, in recent years, high-efficiency
and high-quality tea clones has been
selected all over the world, and have given
great importance to cutting propagation
applications.

Conclution

This study was conducted with for
standard varieties, which is an important
step to increase the yield and quality in this
study for the production of seedlings,
propagated the possibilities of usage tea
cutting; cutting time, cutting type and
different applications of growth regulators
effects on rooting percentage and root
quality were determined.

As a result of this study, rooting of
tea clones cuttings for rooting in order to
ensure a successful, good selection of
cuttings and appropriate conditions must
necessary. Therefore misting and shading

systems unit cutting should be rooting
under system with. In addition, tea cuttings
on August 1, as a single full leaf should be
prepared and 4000 - 6000 ppm IBA should
be applied. Perlite is used then as the
rooting environment.

References

Altindal E, Balta F. 2002. Comporasion of
rooting capabilities of Turkish tea
clones. Turk J. of Agri. and Fors. 26:195-
201.

Anonymous 2012. Available at: http://
faostat3.fao.org/faostat-gateway/
go/to/download/Q/QC/E  (accessed
October 12, 2014)

Anonymous 2013a. Republic of Turkey,
Prime Ministry Turkish Statistical
Institute  (Turkstat). Available at:
http:/ /tuikapp.tuik.gov.tr/bitkiselapp/
bitkisel.zul (accessed October 12, 2014).

Anonymous  2013b.  Turkish  State
Meteorological Service. Available at:
http:/ /www.mgm.gov.tr/veridegerlen
dirme/il-ve-ilceler-istatistik.aspx?
m=RIZE (accessed October 12, 2014)

Ayfer M, Celik M, Celik H, Erden M, Tutgag
T, Mahmutoglu H. 1987a. The Effects of
different systems and substrates on the
rooting of tea cuttings. International Tea
Symposium, 16-25, 26-28 June, Rize.

Ayfer M, Celik M, Celik H, Vanh H, Tutgag
T, Turna T, Dumanoglu H. 1987b. The
effect of shading materials, collection
time and type of cutting on the rooting
of tea cuttings. International Tea
Symposium, 26-34, 26-28 June, Rize.

Cabrera C, Artacho R, Gimenez R. 2006.
Beneficial effects of green tea—a review.
J. Am. Coll. Nutr. 25: 79-99.

Eliadze AD, Gorgoshidze GM. 1978. Some
aspects of the productivity of tea clone
Anaseuli-1 mother plants and the
rooting of cuttings. Hort. Abst.
48(3):3126.

Gabrichidze Z, Bkanidze M, Demetradze
MP. 1976. The effect of total nitrogen
and soluble sugar contents in the shoots
of tea clone Anaseuli-1 on the rooting of
cuttings. Hort. Abst. 46(7):7552.




Hamdi Zenginbal et al. / Research in Plant Biology, 4(4):01-08, 2014

Giinler N. 1989. The effects of tube size
pruning tea residue cuttings rooting
under plastic tunnel shadow. MSc
Thesis, Ankara University, Ankara,
Turkey.

Hartmann HT, Kester DE, Davies FT]R,
Geneve LR. 2002. Plant Propagation:
Principles and Practices. Seventh
Edition. Regents / Prentice Hall
International ~ Editions, = Englewood
Cliffs, New Jersey, USA.

Higdon JV, Frei B. 2003. Tea catechins and
polyphenols: health effects, metabolism,
and antioxidant functions. Crit. Rev.
Food Sci. 43: 89-143.

Hodgson JM, Puddey IB, Burke V, Beilin L],
Jordan N. 1999. Effects on blood
pressure of drinking green and black
tea. . Hypertens. 17: 457-63.

Kinez M. 1967. Tea Cultivation. Ministry of
Agriculture, General Directorate of
Agricultural Affairs, D.110. Ankara /
Turkey.

Pharn-Huy LAN, He H, Phamhuy C. 2008.
Green tea and health: an overview. J.
Food Agric. Environ. 6: 6-13.

Ucler AQ, Parlak S, Yiicesan Z. 2003. Effects
of IBA cutting dates on the rooting
ability of semi-hardwood kiwifruit
(Actinidia deliciosa A. Chev.) cuttings.
Turk J. Agric. Forest 28:195-201.

Weaver RJ. 1972. Plant Growth Substances
in Agriculture. W.H. Freeman and
Company. San Frasisco : 1-504.

Yuan JM, Sun CL, Butler LM. 2011. Tea and
cancer prevention: epidemiological
studies. Pharmacol Res. 64: 123-135.

Zenginbal H, Ozcan M. 2013. The effects of
different treatments on propagation by
hardwood cuttings in Hayward And
Matua kiwifruit cultivars. Anadolu J.
Agr. Sci. 28(3):115-125.

Zenginbal H, Ozcan M. 2014. The effects of
cutting time, bud number and IBA
concentration on the cutting on rooting
of kiwifruit. Anadolu J. Agr. Sci. 29(1):1-
11.

(Received:  20.1.2014; Revised and

Accepted: 22.6.2014)



