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Abstract 
 

This study was conducted to investigate the effects of rooting medium pH and IBA treatments in rooting of tea cuttings. 

In the study, 10 tea genotypes with ‘Tuğlalı’ are used as materials and perlite is used as the rooting medium. In the 

experiment, the effects of three different pH levels (7.0, 5.5, and 3.5) and 3 different applications of IBA (0, 4000, and 

6000 ppm) on rooting tea cuttings and growth of tea sprouts were investigated. According to the findings of the study, 

the best results in the tea plants are taken from 6000 ppm IBA and 5.5 pH applications. In 6000 ppm IBA, rooting rate is 

65.26 %, the most advanced root length is 4.90 cm, the root number is 4.97 units and the root quality is defined as 1.33. 

In cases where the rate of rooting medium pH is 5.5, rooting rate is 69.69 %, the most advanced root length is 9.41 cm, 

root number is 8.70 units and root quality is seen as 1.70.  As the growth rate of tea cuttings, 3.5 pH (79.28 %); in terms 

of the ratio of growth length, 6000 ppm IBA (7.96 cm) and 3.5 pH (9.20 cm) have given the best results. When all the 

results are evaluated together, 6000 ppm IBA treatment at 5.5 pH level is recommended for rooting and quality sapling 

production. 
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1. Introduction 
Although the production of tea is done in a limited area in 

the Eastern Black Sea, Turkey, in terms of both the 

growing area and the amount of dry tea, it has the 

potential to meet all demands of domestic market. 

The tea cultivation in Turkey has started with tea seeds 

brought from Georgia since 1937 and with 3788 Tea Act 

issued in 1940, the support of tea cultivation and tea 

manufacturer have been secured (Kazma, 1985). 

The most convenient and widely used method of 

propagation the tea plant is a propagation of cuttings. In 

the propagation of cuttings, upon rooting of cuttings, 

cultural practices such as fertilization, irrigation, cuttings-

(taking) making time, leaves and eye condition on 

cuttings, rooting medium, temperature, humidity, pH 

media, growth regulators environmental factors with a 

number of internal factors such as genetic structure, 

storage materials, inherent hormones are effective (Kaşka 

and Yılmaz, 1974; Hartmann et al., 1990). To increase the 

effectiveness of these factors listed above in a positive 

way, various researches are maintained in various topics 

such as cutting cropping time, cutting type, growth 

regulators and amount of them, rooting environment in 

tea production as it is in other fruits. 

BSPublishers 
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The first studies on the production of tea from tea 

cuttings started in India in 1928. However, studies on this 

issue in our country were started by Özbek and his 

friends with cooperation Rize Tea Research Institute in 

1958. The rapid development of tea cultivation in our 

country is only possible with the use of saplings obtained 

from cuttings in the brood gardens built with high quality 

clones selected with clones selection (Çelik and Çelik, 

1986). 

Materials such as perlite or torf and environments such as 

mixture are used in rooting of cuttings. The greatest 

advantages of using perlite as a rooting medium are 

drainage and ventilation improvements, holding water 

and plant nutrients on the roots of plants that they can 

benefit all the time, affecting plant growth in a positive 

way due to being neutral, not allowing excessive 

variations in soil temperature, not transporting weed 

seeds and diseases, similarity of its chemical composition 

to the mineral component of soil, being clean, odourless 

and lightweight and  being used for many years due to not 

loosing its property. Perlite which can be used as the 

rooting medium, needs to be super coarse thickness 

(Anonymous, 2003). 

The pH level of the medium influences significantly on 

rooting. Although rooting of cuttings of fruit types in the 

acid and base environments are different, cuttings of most 

of the fruit types are better rooted in neutral 

environments (Yılmaz, 1994). 

Since tea is a plant that does not like lime, it needs soil 

with acid. Generally it grows well in soils with pH 4.5 to 

6.0. Except these bounds, if the soil pH goes in the 

direction towards acid or alkaline, the expected 

development of the tea plant cannot be seen (Kacar, 

1986). In order to root tea cuttings, it is declared that pH 

media should be 4.0-4.5 and soils with pH level less than 

6.0 should not be used for rooting (Eden, 1976). 

The most widely used growth regulators in the rooting of 

cuttings is indole butyric acid (IBA) from the auxin group. 

IBA whose effect is fast and huge in promoting rooting is 

used very intense (1000-8000 ppm) and diluted (10-250 

ppm) as a solution. Naphthalene Acetic Acid (NAA) is also 

used for rooting. NAA is more toxic, according to IBA 

(Weawer, 1972). The growth regulators applied to tea 

cuttings were found to have a positive influence on 

rooting compared to other regulators of IBA. 

It has been observed that Naftalenaset amide (NAD) and 

Indolbutiric acid (IBA) from hormones used in 

reproduction of tea with cuttings have positive effects on 

rooting of tea cuttings (Çelik and Çelik, 1986). 

In this conducted study, it has been aimed to determine 

the effects of different doses of IBA to be applied to tea 

cuttings and different pH levels in addition to the perlite 

used as a rooting media so that tea genotypes can help in 

rooting of cuttings. 

 

 

2. Material and Method 

In the study, as the plant material, Tuğlalı-10 clone which 

is one of the seven types determined in the region within 

"Development and Breeding of Tea Agriculture" Project 

between the years 1967-1971 in the Tea Research 

Institute has been used. The experiment has been 

conducted in an unheated glasshouse and it has been 

shaded with shading material made of porous dark green 

polyethylene whose light transmission is 50 %. Relative 

humidity in the greenhouse is set to be 70-90 % (Mist 

Line System). The temperature inside the greenhouse is 

at 20 °C and when relative humidity drops below 60 %, 

15 minutes misting units were made every 1 hour. 

Misting unit has been closed between the hours of 17oo- 

08oo on cloudy and rainy days. 

Extended super coarse perlite is used as a rooting 

environment. Perlites are pure silica small spheres which 

are formed by expanding power of the water in their 

body in the 900-1100 degrees after crushing, cleaning 

and sieving (Anonymous, 2003). It has been sought to be 

sterile perlite used in the experiment and new perlite is 

used each year. Rooting medium was thoroughly soaked 

before and after cuttings were planted. 

Levels of pH are set one week before when the cuttings 

were not cropped and rooting medium was not 

prepared. Since the pH value of the perlite which is used 

as the rooting medium is 7.0, the pH was taken to 7.0 as 

control and in other repetitions; the pH was reduced to 

be pH 3.5 and pH 5.5 by adding Aluminium Sulfate 

(Al2SO4) to perlite. 3 grams Al2SO4 was stirred with 0.5 

litres of distilled water and 32 grams of perlite in a 

polyethylene bag was added. After 3 hours, pH 

measurement was carried by inserting an electronic pH 

meter into perlite in polyethylene bags and as a result of 

measurement, pH is 3.8; in the measurement taken on 

the following day, it was 3.7 and the one taken after two 

days was 3.56. This process was repeated in the same 

way in the parcels, which will be planted at 3.5 pH. 

To reduce pH value of perlite into 5.5, 1 gram Al2SO4 was 

mixed with 1 litre of distilled water and pH 

measurement was made by inserting pH meter into the 

32 grams perlite in a polyethylene bag after 3 hours. In 

the measurements made, pH level was 5.70, the 

measurements made on the second day was 5.59 and in 

the measurements made on third day, pH level increased 

to 5.56. This rate was based on pH 5.5 and was applied 

all polyethylene planting bags in addressed parcels in the 

same way. 

The cuttings which will be planted were taken from the 

garden on August 1. The taken cuttings were cut in a way 

which will be a leaf and a node on them and also just 

over the eye and at an angle of 45 against the eye and the 

height would be 7-10 cm and placed in a container filled 

with water. 
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On prepared cuttings, Indole Butyric Acid in the pure 

chemical structure is applied extensively as fresh for 

each use according to the intense solution method 0, 

4000 and 6000 ppm. As a control solution, 100 ml 

mixture made with 50 % ethanol and 50 % distilled 

water solution was prepared. After the cuttings from the 

bottom of 1-1.5 cm were held in IBA solution for 8-10 

seconds, they were planted in the rooting medium. 

On conducted 2 years study, the cuttings were evaluated 

by removing them after 103 days in the first year and 90 

days in the second year. In cuttings, rooting rate (%), 

vitality rate (%), the most advanced stem length (cm), 

the most advanced stem diameter (mm), root number 

(number), root quality (0-4 points; 0: No rooting, 1: Poor 

rooting, 2: Moderate rooting, 3: Good rooting, 4: Very 

good rooting), the proportion of the cuttings that do 

sprouts (%), sprout length (cm) data were collected. 

Experiment random parcels were prepared as 3 

frequencies and 15 cuttings in every frequencies based 

on the experiment patterns. Data analysis was 

performed according to factorial designs in randomized 

parcels. Although this experiment took 2 years, in this 

article, the average results of two years are given. 

 

3. Results and Discussion 

3.1. Rotting rate 

It has been observed that the effects of IBA and pH are 

significant on rooting percentage and the effects of 

interactions IBA x pH are found to be insignificant. The 

highest rooting rate according to different pH levels was 

at pH 5.5 (69.69 %). It was observed that this ratio 

decreased at pH 3.5 and 7.0. However, on IBA level, the 

highest level of rooting was taken in dose of 6000 ppm 

(65.26 %), while the lowest was taken from 4000 ppm 

(51.04 %) (Table 1). In this study, the presence of the 

best rates in rooting pH level of 5.5 shows similarity with 

the results that Yılmaz (1994) with Hamid et al. (2006)'s 

earned the best rooting for tea cuttings were 5.5 and 6.2 

pH level. 

 

Table 1. Effect of practices on rooting rate (%) 
 

 
IBA 

pH 
7.0 5.5 3.5 Average 

0 46.61±24.11 71.17±6.90 46.56±5.72 54.78ab* 

4000 ppm 46.50±3.50 65.56±3.70 41.05±19.56 51.04b 
6000 ppm 73.45±6.59 72.35±3.98 50.00±3.42 65.26a 
Average 55.52b* 69.69a 45.87b  

*Significant at P<0.05 

 

3.2. Vitality rate  

It has been observed that the effect of pH on the vitality 

of cuttings are to be statistically significant, IBA and the 

interaction effect was found to be trivial. The highest 

vitality rate was seen at pH 7 (91.46 %), while the lowest 

rate was observed at pH 3.5 (80.00 %) (Table 2). 

According to the experiment results, IBA applications did 

not have statistically significant impact on the viability 

ratio. This result shows difference with the results 

reported by Weaver (1972) with Şeker et al. (2010) 

while it has some similarity with the results of the study 

conducted by Kalyoncu and Özer (2007) in Gilaburu. It 

was also defined that pH affects the ratio of vital cuttings 

rates. 

 

Table 2. The effects of the applications on the viability ratio (%) 
 

 
IBA 

pH 

7.0 5.5 3.5 Average 

0 90.00±10.00 91.11±6.90 73.28±3.16 84.80 
4000 ppm 89.00±6.90 83.45±3.25 82.11±8.46 84.82 
6000 ppm 95.50±5.08 82.22±7.00 84.56±12.58 87.43 
Average 91.46a* 85.60ab 80.00b  

*Significant at P<0.05 

 

3.3. The most advanced stem length 

When the effects of applications on the most advanced 

stem length were investigated, it has been found that IBA 

applications and interaction show statistically significant 

differences. On pH level, the most advanced root length 

was obtained at pH 5.5 (9.41 cm), the lowest pH was 

obtained at 3.5 (1.90 cm). In IBA applications, the highest 

one was obtained (4.90 cm) from 6000 ppm application, 

the lowest one was obtained (2.98 cm) from the control 

application. In interaction level, the most advanced stem 

length was obtained (7.46 cm) from 6000 ppm x 5.5 pH 

interaction, the lowest value was at control (0 ppm IBA) 

x 3.5 pH (1.70 cm) (Table 3). 
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Table 3. The effect of applications on the most advanced root length (cm) 
 

 
IBA 

pH 
7.0 5.5 3.5 Average 

0 1.91±1.10de* 5.35±0.81bc 1.70±0.87de 2.98c* 
4000 ppm 3.05±0.54cd 6.00±1.34b 2.12±0.74cde 3.72b 
6000 ppm 5.35±0.93b 7.46±1.50a 1.83±0.40ce 4.90a 
Average 3.44b* 9.41a 1.90c  

*Significant at P<0.05 

 

The fact that on IBA applications level, the most 

advanced stem length was obtained from 6000 ppm and 

following this from 4000 ppm coincides with the results 

of the rooting study conducted in Kocayemiş by Şeker et 

al. (2010) and the best stem length results of rooting 

study conducted on the woody and semi-woody cuttings 

of Hayward and Matua kiwifruit types by Zenginbal and 

Özcan (2013) obtained in 4000 ppm and 6000 ppm. 

Obtaining good results from pH 5.5 application coincides 

with the best result at pH 6.2 from the results found 

among the conducted studies on cherry cuttings by Aka 

Kacar et al. (2001). 

3.4. The most advanced stem diameter 

It has been found the effects of applications on stem 

diameter not significant statistically and the highest root 

diameter has been taken from 4000 ppm IBA and 3.5 pH 

applications (Table 4). The fact that pH and IBA 

applications affect in the increasing of stem diameter 

coincides with the results which were done on kiwifruit 

types and the most advanced stem diameter in 4000 and 

6000 ppm IBA application by Özcan (1993) and the 

results taken from hormone applications in the rooting 

of tea cuttings by Çelik and Çelik (1986). 

 

Table 4. The effects of the application on the most advanced stem diameter (mm) 
 

 
IBA 

pH 
7.0 5.5 3.5 Average 

0 0.25±0.09 0.56±0.05 0.33±0.08 0.38 

4000 ppm 0.36±0.06 0.60±0.09 1.13±0.95 0.70 
6000 ppm 0.54±0.02 0.59±0.06 0.34±0.02 0.50 
Average 0.39 0.59 0.60  

 

3.5. Root number (number) 

Applications and interaction on root number were found 

statistically significant. The highest root number in pH 

applications was found as (6.07 units) in pH 5.5 level 

while the lowest root number was observed at 

controlling pH (pH 7). However, in IBA application, the 

highest root number was obtained as (4.97) in 6000 ppm 

and the lowest number was obtained in control 

application. When interaction was analysed, the highest 

root number was detected as (8.70 units) in 6000 ppm 

IBA x pH 5.5 while the lowest root number was seen as 

(1.35 units) in control IBA x control pH interaction 

(Table 5). 

 

Table 5. The effect of applications on the root number (units) 
 

 
IBA 

pH 
7.0 5.5 3.5 Average 

0 1.35±0.55e* 4.08±1.00bc 2.24±0.89de 2.56c* 
4000 ppm 1.85±0.60de 5.43±1.00b 3.38±1.40cd 3.56b 
6000 ppm 3.55±0.54cd 8.70±1.24a 2.66±0.90cde 4.97a 
Average 2.25b* 6.07a 2.76b  

*Significant at P<0.05 

 

Obtaining the highest root number from IBA and pH 

applications and on the basis of interaction, obtaining the 

best root number achieved from 6000 ppm IBA x pH 5.5, 

reporting that 4000-6000 ppm IBA applications on 

kiwifruit cuttings give good results in terms of root 

number by Özcan (1993). It shows closely similarity with 

the results that Zenginbal and Özcan (2013). They have 

obtained highest root number from 6000 ppm IBA 

application in the rooting of the kiwi cuttings and to 

obtain the 6000 ppm IBA application and the results 

reported by Weaver (1972) which says that growth 

regulators affect produced root number and change the 

types of roots and IBA encourages a strong root 

formation. The formation of the maximum root number 

at pH 5.5 level shows similarity with 6.2 pH level in 

which Hamid et al. (2006) obtained the best results as a 
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result of different pH applications in the rooting of tea 

cuttings. Rising of root number to the highest value with 

the application of IBA x pH overlaps exactly with 

previous studies aforementioned. 

3.6. Root quality 

It has been observed that the effects of application on 

root quality made significant differences while the effects 

of the interaction were found not significant. In practice 

of pH, the best root quality was obtained from pH 5.5 

(1.70) while the lowest root quality level was found to be 

in pH 3.5 (0.69). In IBA application, the best root quality 

(1.33) at 6000 ppm, the lowest (0.78) in the control IBA 

were observed (Table 6). 

 

Table 6. The effect of the applications on the quality of the root (0-4 points) 
 

 
IBA 

pH 
7.0 5.5 3.5 Average 

0 0.34±0.15 1.48±0.19 0.52±0.27 0.78b* 
4000 ppm 0.53±0.18 1.64±0.26 0.84±0.53 1.00b 
6000 ppm 1.30±0.08 2.00±0.26 0.71±0.22 1.33a 
Average 0.73b* 1.70a 0.69b  

*Significant at P<0.05 

 

Obtaining the best root quality on average from 6000 

ppm application in IBA application coincides with the 

results that 4000-6000 ppm application increases the 

root quality by Caldwell et al. (1988). It also shows 

similarity with the results of Dumanoglu et al. (1999) 

that low dose of the IBA application in pear has negative 

effect on rooting while higher doses IBA application 

significantly increases rooting and root quality. The 

obtained results are in agreement with the results of 

Gabrichidze (1975) and Couvillo (1992). 

3.7. The proportion of the cuttings that do sprouts 

When the effects of applications on the rate of sprouts in 

the cuttings studied, pH shows statistically significant 

differences, but effects of application and the interaction 

of IBA were found to be insignificant. The highest 

proportion was taken at pH 3.5 to in pH application 

(79.28 %) (Table 7). 

 

Table 7. The effect of the applications on the proportion of cuttings that do sprouts (%) 
 

 
IBA 

pH 
7.0 5.5 3.5 Average 

0 58.85±5.07 41.06±1.98 77.71±5.28 59.21 
4000 ppm 52.33±10.25 52.21±20.41 75.56±8.29 60.04 
6000 ppm 48.45±20.78 57.66±15.43 63.56±21.12 63.56 
Average 53.21b* 50.31b 79.28a  

*Significant at P<0.05 

 

It has been observed that reducing the pH level in the 

rooting medium increases the percentage of doing 

sprouts in the cuttings and was found the highest 

sprouts at pH 3.5. Finding the ratio of the cuttings that do 

sprouts at 3.5 pH shows similarity with the results in the 

case of reducing the medium pH to 5.0, sprouts growth 

increases compared to high pH in the study conducted by 

Hammatt and Grant (1993) in the cherry. The results 

that the best bulb formation is in the pH 5.0 level and 

bulb formation at especially pH 6.0 are negatively 

affected reported by Tıpırdamaz et al. (1999) in the 

study in snowdrops at different pH levels (6.0, 5.5, 5.0) 

are similar to our results. 

3.8. The effects of applications on sprout length 

When the effects on the sprout length were analysed, 

applications are significant statistically while the 

interaction have little impact. The best sprout length in 

pH application has been observed at pH 3.5 (9.20 cm), 

while the lowest sprout length (5.02 cm) has been 

observed at control pH. However, in IBA application, the 

best sprout length was obtained 7.96 cm in 6000 ppm 

while the lowest sprout length (5.97 cm) was observed 

at 4000 ppm (Table 8). 

Finding the highest sprout length value in 6000 ppm IBA 

application closely overlaps with the result reported by 

Polat et al. (2000), sprout length prolonged more in the 

cuttings IBA application made compared to those not 

made and the results of Zenginbal and Özcan (2013), the 

best sprout length were obtained from the cuttings that 

were IBA application made in kiwifruit woody cuttings. 

On the basis of pH values, emergence of the highest shoot 

length at 3.5 pH shows similarity with the result that 

Hammatt and Grant (1993) has obtained with the study 

in the cherry, in case of reducing the medium pH into 5.0, 

sprout growth increases compared to the high pH and 

with the result that surplus nitrogen in the rooting 

medium causes excessive length development in the 

saplings; as opposed to this, phosphorus and potassium 
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in the medium do not create height in the saplings in a 

study conducted by Ayan et al. (2002) on  paulownia 

plants for the production of seedlings. It also shows some 

similarity with the results of Bozkurt et al. (2002) that 

using same amount of nitrogen affects positively sprout 

growth, but using phosphorus is statistically insignificant 

on the growth of sprouts. Giving the best results of 

applications and interaction is consistent with the 

declared results of the researches above. 

 

Table 8. The effect of the applications on sprout length (cm) 
 

 
IBA 

pH 
7.0 5.5 3.5 Average 

0 5.86±0.59 4.46±1.35 9.93±2.10 6.75 ab* 
4000 ppm 3.69±1.13 7.11±1.69 7.12±1.14 5.97 b 
6000 ppm 5.53±2.50 7.80±1.59 10.54±1.30 7.96 a 
Average 5.02b* 6.46b 9.20a  

*Significant at P<0.05 

 

4. Conclusion 

When the obtained findings are evaluated together, we 

can say that IBA concentrations and pH level on rooting 

medium have positive effects on rooting in the rooting of 

tea cuttings in different mediums. According to the 

results we obtained in this study, especially pH 5.5 level 

and 6000 ppm IBA application affects positively root 

structure of tea cuttings. It can also be said that IBA 

applications are effective on sprout growth and 

especially 6000 ppm IBA application has particular effect 

in a positive way. However, in order to obtain more 

precise results in terms of rooting performance of tea 

cuttings, we are in the opinion that it would be effective 

to evaluate it within a wider frame by doing similar 

studies composed of different medium and applications.   
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