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ABSTRACT 
Citrus hystrixis a famous horticutural crops product today. Fresh fruits of Citrus hystrix from 

Indonesia are mainly exported to European countries by PT Nusantara Segar Global under the 

trademark of Java Fresh. Futhermore, the seedlings of Citrus hystrix were also used to be a rootstock 

for RGL citrus due to its vigorous root growth, adataptive to marginal land, and resistance to dry 

season. The objective of research was to determine the effects of difference kind and concentration of 

cytokinin to induce shoot of Citrus hystrix. The research was conducted from January to April 2019 at 

the Laboratory of Biotechnology and Tissue Culture, Faculty of Agriculture, Bengkulu University. 

The research was designed to be Completely Randomized Block Design (CRBD). First factor was 

kind of cytokinin (BAP and Kinetin). Second factor was the concentration of cytokinins (0 ppm, 1 

ppm, 2 ppm, 3 ppm, 4 ppm, and 5 ppm). Therefore, there were 12 combinations with 3 replications. 

The results show, the number of shoot leaf of Citrus hystrix shows a different respon to the type of 

cytokinin. The best type of cytokinin in the shoot of Citrus hystrix was BAP, that produced the highest 

number of leaves, the highest number of shoots and the heaviest wet weight of shoots, namely 10.42 

leaves/bottle, 3.2 shoots and 0.46 gr. The optimum concentration of BAP was 2.58 ppm.  
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1. INTRODUCTION 
 

Citrus hystrixis a famous horticutural crops 

product today. Fresh fruits of Citrus hystrix from 

Indonesia are mainly exported to European countries 

by PT Nusantara Segar Global under the trademark of 

Java Fresh. Futhermore [1], the seedlings of Citrus 

hystrixhave a potency to be a rootstock for RGL citrus 

due to its vigorous root growth, adataptive to marginal 

land, and good resistance to dry season. 

The plant was commonly cultivated in both 

home garden and field. Usually, citrus plants were 

grown well by uising liquid organic fertilizer. The 

liquid organic fertilizer concentration of 50% gamal 

leaves is capableproduces the largest number of 

branches [2]. Much branch the more fruits can get. 

The best quality of fruit product can be increases 

farmer income [3] In the city, the plant was usually 

grown in the pot as home garden. As home garden 

plant, Citrus hystrix gave benefits tothe families 

belong. For example, the plant give spiritual menu due 

to its beauty. The plant was also gave an oxygen 

therefore the air become fresh. However, when the 

plant was grown in the field, fruits and leaves were 

targeted. The plant was resistance to fruit flies. It was 

also save from human disturbance, due to its unedible 

upon mature fruits. It was known that the plant was 

found originally in Asia country including Indonesia. 

The scientific name of the plant was Citrus hystrix [4]. 

Low seedlings quality is a major obstacle for 

Citrus hystrix farmers. In addition, Citrus hystrix 

farmers also have limited capital, human resources, 

technology and information data. Tissue culture 

techniques are more effective when used to produce 

quality seedlings in a relatively short time. Tissue 

culture requires combination and concentration of 

suitable growth regulators. The growth regulators used 

in tissue culture also depend on the type of plant and 

the source of the explants [5]. The efficiency of 

pineapple tissue culture is largely determined by the 

method used. The latest and most efficient method at 

this time to multiply shoot of pineapple is the 

bioreactor technology [6]. 

Induction of shoots Citrus hystrix plants 

generally requires growth regulators, benzyl amino 

purine and kinetin. Cytokinins are compounds that can 

increase cell division in plant tissue. Cytokinins play a 

role in stimulating cell growth in tissue and shoot 

growth [7]. [8] stated that the optimum kinetin 

concentration for the number of tangerine shoots is 5 

ppm, while for the addition of books on tangerine at a 

concentration of 1 ppm Kinetin. The administration of 

BAP and kinetin affected the percentage of explant 

formation. 

The research of [9] produced the best 

percentage of live explants of Siam Orange (Citrus 

nobilis Lour.), The highest percentage of shoot 

formation was 60% in treatment of 1.0 ppm BAP + 

0.5 ppm kinetin + 0.5 ppm NAA. The concentration of 

0.5 ppm BAP was able to produce the highest 

multiplication of Chrysanthemum shoots [10]. In 

contrast to the research of [11] which states that the 

concentration of 2 ppm BAP is able to produce the 

highest multiplication of shoots of mangosteen 

(Garcinia mangostana L.) shoots. 
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The research done [12] stated that the 

concentration of 2 ppm benzyl amino purine without 

kinetin can spur the fastest shoot formation in Kuok 

oranges. Furthermore, the interaction of benzyl amino 

purine and kinetin showed the highest number of 

shoots and the highest shoot height, namely by 

treatment with a concentration of 2 ppm benzyl amino 

purine and 5 ppm kinetin. 

The objective of the research were to 

determine effects of kind and cocentration of 

cytokinin to produce shoot of Citrus hystrix. 

 

2. MATERIALS AND METHODS 
 

This research was conducted from January to 

April 2019 at the Agronomy Laboratory of the 

Biotechnology and Plant Tissue Culture Division, 

Department of Agricultural Cultivation, Faculty of 

Agriculture, Bengkulu University. The explants used 

were the shoots of Citrus hystrixfrom previous 

research [13] which was 5 months old. The shoots 

used were lateral shoots with the criteria that the 

shoots were still fresh green. 

This study has used a factorial Completely 

Randomized Block Design (CRBD). The first factor is 

the type of cytokinin which consists of 2 types, 

namely J1: BAP and J2: Kinetin. The second factor is 

the concentration of cytokinins which consists of 6 

levels, namely K0: 0 ppm, K1: 1 ppm, K2: 2 ppm, K3: 

3 ppm, K4: 4 ppm, K5: 5 ppm. Each treatment 

combination was repeated 3 times, so that there were 

36 experimental units. Each experimental unit 

consisted of 1 culture bottle filled with MS media 

according to the treatment of 20 ml / bottle and 

planted 5 Citrus hystrix shoots. 

Observations were made on quantitative and 

qualitative variables, including number of leaves, 

shoot height, number of shoots, shoots appearing fresh 

weight, percentage of live shoots, number of shoots, 

and color of shoots. 

Quantitative data were analyzed using the F 

test at the 5% level. If there is a significant effect, then 

proceed with the Orthogonal Polynomial test. Data 

that does not meet the F test criteria is carried out 

descriptive test and displayed in the form of a 

histogram, qualitative data is displayed in the form of 

photos. 

 

3. RESULTS AND DISCUSSION 
 

In general, results of the variance analysis 

show a significant different. The concentrations of 

cytokines had a significant effect on the variable 

number of leaves, plant height and number of shoots 

and had no significant effect on shoot emergence and 

shoot fresh weight. Variables that have a significant 

effect on the F test at 5% level, then further test 

Orthogonal Polynomials. The data were processed 

using the costat 6.4 software application. A summary 

of the results of the analysis of variance for all 

variables is presented in Table 1. 

 

3.1 The types of cytokinins on leaf number 

in 8 weeks after planting at 5 levels of 

cytokinin concentrations. 
 

There was a different respon the number of 

leaf to the type of cytokinin on 5 concentration of 

cytokinin at the 2nd to 8th week after planting. The 

different respon the number of leaf to the type of 

cytokinin is presented in Figure 1. 

 

Table 1. Summary of analysis of variance results (ANOVA) 

Observation variable 

F-count 5% 

Interaction 
Types of 

cytokinin 

Concentration 

of cytokinin 

Coefficient of 

diversity before 

transformation 

(%) 

Coefficient of 

diversity after 

transformation 

(%) 

Number of leaves 1 week after planting 2.18 ns 0.23ns 5.56 * 108.96 24.82 

Number of leaves 2 weeks after planting 5.65 * 2.36 ns 6.32 * 74.14 23.33 

Number of leaves 3 weeks after planting 7.53 * 8.18 * 6.57 * 54.64 23.58 

Number of leaves 4 weeks after planting 9.33 * 13.27 * 8.12 * 46.69 22.06 

Number of leaves 5 weeks after planting 9.05 * 19.87 * 7.29 * 47.28 22.05 

Number of leaves 6 weeks after planting 7.66 * 33.57 * 8.83 * 44.77 21.10 

Number of leaves 7 weeks after planting 6.40 * 49.07 * 8.99 * 37.62 19.08 

Number of leaves 8 weeks after planting 6.20 * 46.53 * 9.47 * 37.74 18.85 

Shoot height 2.22 ns 0.08 ns 1.21 ns 22.54 13.00 

Number of shoots 0.99 ns 20.83 * 1.94 ns 39.51 14.68 

When shoots appear 0.85 ns 11.73 * 0.67 ns 33.60 15.40 

Fresh shoot weight 0.62 ns 6.78 * 1.59 ns 52.91 11.11 

Information: * = has significant effect at the 5% level, ns = has no significant effect. 
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Figure 1. Respon the number of leavesto 5 levels of BAP and Kinetin concentrations. 

 
The effect of BAP at 5 levels of cytokinin 

concentrations on the number of leaf resulted in a 

quadratic curve, with the line equation y = - 1.6857x2 

+ 8,7009x - 0.813 with R = 0.6748. Based on the 

quadratic equation, the optimum concentration is 2.58 

ppm with the highest number of leaves, namely 10.42 

leaves/bottle. While the effect of kinetin produces a 

positive linear regression line pattern with the line 

equation y = -0.0134x + 2.1334 with R = 0.0022. 

Based on the positive linear equation, there is the 

highest number of leaves, namely 2.07 leaves / bottle. 

The number of leaves formed in the BAP treatment 

reached 5 times more than the kinetin treatment up to 

5 ppm. In this study, the use of kinetin was not able to 

respond to the formation of the leaves of Citrus hystrix 

shoots. The results of this study are supported by the 

research of [14] which states that 2 ppm BAP is able 

to form leaves with the highest number, namely 14 

leaves on Arabica coffee shoots. In line with [15] 

which showed that the highest number of Phaleria 

macrocarpa leaves was produced in a combination of 3 

ppm BAP and 0 ppm IAA, namely 57.5 leaves. 

Research of [16] reported that 2 ppm BAP 

was the optimum concentration for shoot length and 

number of leaves of the mangosteen plant. But in 

contrast to p 5 leaves. Research in [16] showed that 

the concentration of 2 ppm BAP was the optimum 

concentration on shoot length and number of leaves of 

the mangosteen plant. But in contrast to p 5 leaves. 

Research in [16] showed that the concentration of 2 

ppm BAP was the optimum concentration on shoot 

length and number of leaves of the mangosteen plant. 

But in contrast to the research of research [17] which 

stated that the BAP treatment single 0.5 ppm BAP was 

able to produce 2 leaves and in 1 ppm treatment BAP 

had the highest number of leaves, namely 4 leaves per 

shoot on the Siam Orange plant. 

3.2 Multiplication response of Citrus 

hystrixshoots to cytokinin types 

Multiplication Response of Citrus hystrix 

shoots to cytokinin type spresented in Table 2. 

The number of shoots formed is an important 

factor in shoot multiplication. The more shoots that 

are formed the more planting material for further 

propagation. The more shoots produced is an 

indication of the success of shoot multiplication [18]. 

The results showed that the number of shoots on the 

BAP cytokinin type, namely 3.2 shoots, was 

significantly different from the Kinetin cytokinin type, 

namely 1.7 shoots. It is suspected that BAP with 5 

concentration levels was able to give the best response 

in spurring the formation of Purut orange shoots. The 

results of this study are supported by the research of 

[19] showed the results of the multiplication of 

agarwood shoots in the treatment of 0.1 ppm NAA + 

2.5 ppm BAP resulted in 12 shoots. But it is not in line 

with the research of [20] shows that 0 ppm NAA + 2 

ppm Kinetin induced the shoot of mango. 

The shoots appeared 8.57 days after planting. 

It was significantly different to BAP, namely 13.08 

days after planting. It is suspected that giving Kinetin 

to some extent has an effect in spurring shoot 

formation time according to the role of kinetin in 

shoot formation [21]. This research is in line with the 

research of [21] which showed that the appropriate 

treatment for the fastest appearing of musk orange 

shoots was by giving 5 ppm kinetin, namely 5 days 

after planting. 

However, it is different from the research of 

[12] which stated that a concentration of 2 ppm BAP 

without Kinetin could spur the fastest shoot formation 

in Kuok oranges, namely 5 days after planting. The 

difference in explant responses is due to the use of 

different types of plants and cytokinin concentrations 

so that the resulting responses are also different [22]. 

Shoot fresh weight variable showed that 

BAP cytokinin type was better, namely 0.46 g, 

significantly different from the kinetin which had 

shoot fresh weight of only 0.20 gr. It is assumed that 

giving BAP with 5 concentration levels is able to give 

the best response in cell division and shoot 

differentiation from the multiplication of shoot of 

Citrus hystrix. This study isnot in line with the 

research of [23] which showed the addition of 2 ppm 

kinetin was able to produce the highest fresh weight of 

cocoa shoots, namely 0.60 g 
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Table 2. The results of further LSD test results at 5% level on the types of cytokinins BAP and Kinetin 

Types of cytokinins 

Variable observed 

Number of 

shoots 

When shoots appear  

(days after planting) 
Shoot fresh weight 

BAP 3.2 a 13.08 a 0.46 a 

Kinetin 1.7 b 8.57 b 0.27 b 

Note: Figures in the same column followed by the same letter do not differ based on the LSD test at 5% level. 

 

3.3 Descriptive Analysis 

Table 3. Average value of shoot height, color of shoots and percentage of  lifeexplants 

Treatment 

Shoot height (cm) 
Percentage of 

shoots life (%) 
Color of shoots Types of 

cytokinins 

Concentrations of 

cytokinins 

BAP 1 ppm 0.82 93.33 5 GY 7/10 

BAP 2 ppm 1.27 93.33 5 GY 7/6 

BAP 3 ppm 1.11 93.33 2.5 GY 8/6 

BAP 4 ppm 0.80 100.00 2.5 GY 8/6 

BAP 5 ppm 0.58 93.33 5 GY 5/8 

Kinetin 1 ppm 0.80 100.00 5 GY 5/8 

Kinetin 2 ppm 0.74 93.33 2.5 GY 5/8 

Kinetin 3 ppm 0.85 100.00 5 GY 6/6 

Kinetin 4 ppm 0.68 80.00 5 GY 5/10 

Kinetin 5 ppm 0.85 86.67 5 GY 5/8 

Description: GY = Green Yellow 
 

3.3.1. Shoot height 
Table 3 shows that the addition of 5 levels of 

cytokinin concentrations resulted in shoot heights 

ranging from 0.58 cm -1.27 cm. It is suspected that the 

addition of cytokinin concentrations has not been able 

to give the best response to shoot growth. The results 

of this study are not in line with the research of [24] 

which showed that the average height of explants in 

the 0 ppm BAP treatment resulted in the highest 

average shoot height of 5.41 cm in the multiplication 

of cotton shoots. 

Research [25] stated that the best shoot 

height in Samama shoot multiplication showed that 

the highest average shoot height was produced by 1 

ppm BAP treatment, namely 1.2 cm. Research by [19] 

also showed that the treatment of 3 ppm kinetin was 

able to have an effect on the shoot height of Kasturi 

lime, which was 7.1 cm. Research by [26] also showed 

that the best Jatropha shoot extension was DKW + 5 

ppm Kinetin. 

 

3.3.2. Percentage of live shoots 
The results showed the percentage of live 

shoots ranged from 80% -100%. The highest 

percentage of shoot life, namely 100%, resulted from 

treatment of 4 ppm BAP, 1 ppm Kinetin and 3 ppm 

Kinetin see (Table 3). The results of this study are in 

line with the research of [21] that the treatment of 5 

ppm kinetin + 2 ppm NAA and 3 ppm Kinetin + 1ppm 

NAA showed that the percentage of explant growth 

reached 100%. This is because the provision of auxins 

and cytokines exogenously or endogenously is capable 

of being a trigger in tissue growth and development. 

However, the results of this study are not in line with 

the research of [17] which states that the provision of a 

single 0.5 ppm-1 ppm  

BAP shows the percentage of shoot 

formation of 100%. However, there was a decrease in 

the percentage of shoot formation at 2 ppm BAP. 
 

 

Picture 2. Histogram average shoot height at 8 

weeks after planting.Note: K1 = 1 ppm, K2 

= 2 ppm, K3 = 3 ppm, K4 = 4 ppm, and K5 

= 5 ppm 

 

3.3.3. Color of shoots 
The colors of all plantlets in this study are 

generally yellowish green. There was no tendency that 

the addition of cytokinin concentrations would 

increase the green color of the Purut orange shoots. 

This is thought to be due to the presence of 

endogenous auxins which inhibit the action of 

cytokines in encouraging the formation of chlorophyll 

[27].  

0.00

0.50

1.00

1.50

K1 K2 K3 K4 K5

0.82

1.27
1.11

0.81
0.58

0.80 0.75
0.85

0.68
0.85

S
h

o
o

t 
h

ei
g
h

t

Kind of cytokinins

BAP Kinetin

Advances in Biological Sciences Research, volume 13

351



This study is in line with the research of [28] 

which states that the chlorophyll content (both 

chlorophyll-a, chlorophyll-b and total chlorophyll) in 

in vitro plants is lower than plants in the field. In this 

study, the best shoot color was shown in the treatment 

of 5 ppm BAP, 1 ppm kinetin and 5 ppm kinetin, 

namely 5 GY 5/8 which showed a lighter green color 

than other treatments. 

 
Table 4. The development of shoot color of Citrus 

hystrixat 8 weeks after planting 

 

Treatment 
Research result 

color of shoots 
Information 

1 ppmBAP 

 

5 YG 7/10 

 

Yellowish 

Green 

5 YG 7/10 = 

6.67% 

2 ppm BAP 

 

5 YG 7/6 

 

Yellowish 

Green 

5 YG 7/6 = 

6.67% 

3 ppm BAP 

 

2.5 YG 8/6 

 

Yellowish 

Green 

2.5 YG 8/6 = 

6.67% 

 

 

 

 

 

 

 

 

 

Treatment 

Research result 

color of shoots Information 

4 ppm BAP 

2.5 YG 8/6 

Yellowish 

Green 

2.5 YG 8/6 = 

20% 

5 ppm BAP 

5 YG 5/8 

Yellowish 

Green 

5 YG 5/8 = 

6.67% 

1 ppm 

Kinetin 

5 YG 5/8 

Yellowish 

Green 

5 YG 5/8 = 

26.67% 

2 ppm 

Kinetin 

2.5 YG 5/8  

Yellowish 

Green 

2.5 YG 5/8 = 

20% 
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Treatment 
Research result 

color of shoots 
Information 

3 ppm 

Kinetin 

 

5 YG 6/6 

Yellowish 

Green 

5 YG 6/6 = 

6.67% 

4 ppm 

Kinetin 

 

5 YG 5/10 

Yellowish 

Green 

5 GY 5/10 = 

6.67% 

5 ppm 

Kinetin 

 

5 YG 5/8 

Yellowish 

Green 

5 GY 5/8 = 

26.6% 

 

4. CONCLUSION 

1. The number of leaf of Citrus hystrixshows 

adiferencerespon to the type of cytokinin. 

2. The best type of cytokinin in the shoot 

multiplication of Citrus hystrix was BAP, that 

produced the highest number of leaves, the highest 

number of shoots and the heaviest wet weight of 

shoots, namely 10.42 leaves/bottle, 3.2 shoots and 

0.46 gr. Whereas the fastest shoots appeared in the 

control treatment (without BAP and Kinetin) 

which resulted in the fastest shoots appearing at 

7.26 day after transplanting. 

3. The optimum concentration of BAP was 2.58 

ppm,resulted in the highest number of Citrus 

hystrixleaves, namely 10.42 leaves/bottle 
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